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PREFACE TO SECOND EDITION. 



The speedy exhaustion of the first edition is a pleasing evidence 
of the interest the medical profession of this country is taking in 
the subject of surgical bacteriology. 

In the preparation of the second edition the author has aimed 
to add new facts illustrative of the relations of pathogenic micro- 
organisms to the various sui'gical lesions, and eight new illustrations 
have been inserted in the text descriptive of microbes not illustrated 
in the first edition. The book has also been divided into chapters, 
which it is hoped will prove useful for a better classification of the 
material and for more ready reference. 

N. SENN. 

Chicago, Mahch, 1891. 



PREFACE TO FIRST EDITION. 



Within a few years bacteriology has revolutionized surgical 
pathology. All wound complications and most of the acute and 
chronic inflammatory lesions which come under the treatment of 
the surgeon are caused by microorganisms ; hence the necessity of 
a proper recognition of the importance of bacteriology as an 
integral part of the science and practice of modern surgery. 

It has been the endeavor of the author to present the different 
subjects contained in this work in as concise a manner as possible, 
and at the same time to omit nothing which might be deemed 
necessary to impart a fair knowledge of the subject. 

The illustrations are reproductions from Lehrhuch der patholo- 
gischen Anatomie, by Prof. Klebs, Jena, 1887. 

N. SENN. 

Milwaukee, Apeil, 1889. 
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SURGICAL BACTERIOLOGY 



INTEODUCTIOI^. 

The recent advances in surgical pathology laid the foundation 
for the wonderful achievements of modern surgery. In propor- 
tion as our knowledge of the etiology and pathology of the different 
surgical lesions approaches perfection, will surgery assume the 
dignity of an exact science and a true art. The future progress in 
surgery will be characterized by original research in the elucida- 
tion of as yet obscure etiological and pathological questions. If 
the nature of a disease is well understood, rational suggestions as 
to proper treatment will follow as a natural consequence. During 
the last fifteen years there has been more real advance made in 
surgical pathology than during twenty centuries preceding them. 
Bacteriology opened a new era for surgical pathology. The knowl- 
edge which has accumulated from the bacteriological investigations 
of disease has opened new fields of usefulness for the surgeon. 
Many diseases heretofore uselessly treated with drugs by the phy- 
sician are now successfully treated by surgical measures. 

At this time, surgical pathology has almost become synonymous 
with surgical bacteriology. Text-books on surgical pathology of 
only a few years ago are consulted in vain for information on 
many subjects which now attract universal attention. Owing to 
the activity which is manifested everywhere in the investigation 
of the microbic cause of disease, the many discoveries which are 
being made in rapid succession, works on pathology soon become 
old, and are consigned to the shelves of the antiquarian almost 
before they have left the press. The author of one of the best 
text-books on general pathology found it necessary to prepare a 
lengthy appendix while the book was going through the press, in 
order to escape the criticism of the reviewer that it did not repre- 
sent modern ideas. "We live in an age of independent thought 
and investigation. 'No discovery is accepted unchallenged, and all 
new claims are subjected to the crucial test of criticism based ou 
original research. Reputation no longer carries with it the weight 
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18 INTEODUCTION. 

of authority, uuless the views advanced can be corroborated by the 
independent work of others. 

In the preparation of this work it has been my principal object 
to gather from the current medical literature, in compact form, the 
result of the best work by the ablest men on the various subjects 
which will be discussed in this book. In all instances in which 
the opinions of authors and investigators came in conflict it has 
been my aim to represent their ideas without an effort to harmo- 
nize them. In the consideration of disputed points, I have not 
hesitated in stating my own convictions, which were based either 
upon the results obtained from independent original research, 
clinical observation, or a careful study of the literature on the 
subject at my command. Crookshauk's Introduction to Practical 
Bacteriology, New York, 1887, and Klebs's Lehrbuch der patho- 
logischen Anatomic, I. Theil, Jena, 1887, are the only text-books I 
consulted. From these I have freely quoted in the descriptions of 
the different microoi'ganisms. 



CHAPTER I. 

HEREDITARY TRANSMISSION OF MIOROBIC DISEASES. 

That many of the infectious surgical diseases are hereditary 
has been known for a long time, and many theories have been ad- 
vanced at different times in the past in explanation of their occur- 
rence. The modern views of this subject may be narrowed down 
to two suppositions : 1. Transmission from parents to child of a 
predisposition to certain diseases. 2. Transmission from pai'euts 
to foetus of the essential cause of the disease. The supposed heredi- 
tary predisposition is interpreted as meaning anatomical or physio- 
logical defects in the tissues, which render the organism susceptible 
to the action of subsequent specific causes. The existence of 
minute anatomical defects of bloodvessels, lymphatic glands and 
vessels, connective-tissue spaces, etc., are looked upon as conditions 
which favor localization of floating microbes, which find their way 
into the body during post-natal life. An inherited defective vital 
resistance on the part of the tissues to the action of pathogenic 
bacteria is also considered by many in the light of an hereditary 
influence in the causation of disease. The conditions are recog- 
nized, but no satisfactory, demonstrative, or experimental proofs of 
their existence have been furnished, and yet the immunity of some 
animals to certain diseases cannot be explained in any other way 
than in attributing to the tissues anatomical or physiological prop- 
erties which protect the organism against the action of certain 
microorganisms which, in other animals not so protected, produce 
a fatal disease. Clinical experience has also shown that a great 
difference is found among different persons in reference to suscepti- 
bility to the same form of infection. In many persons, for in- 
stance, inoculation with a pure culture of tubercle bacilli would be 
a perfectly harmless procedure ; in some it would produce a local, 
latent tuberculosis ; while in a few, rendered more susceptible to 
this form of infection by antecedent hereditary or acquired causes, 
the inoculation of the same number of bacilli would be followed 
by rapid and extensive destruction of tissue, and death by early 
and diffuse dissemination. The same can be said of nearly all, if 
not all infectious diseases. If their existence has not been demon- 
strated, we are, nevertheless, forced to recognize the influence of 
certain as yet unknown conditions inherent in the tissues, and 
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often traceable to an hereditary cause, which favor or resist the 
action of microbic causes. During the last few years great pro- 
gress has been made in showing that hereditary disease, in many 
instances, at least, is due to a more direct cause — the transmission 
from mother to foetus of the essential cause of the disease. This 
method of infection is not only interesting from a scieutiiic stand- 
point, but is of the greatest practical importance, alike to the sur- 
geon and physician, in regard to prophylaxis, diagnosis, and treat- 
ment of many forms of disease. Although our knowledge of the 
intra-uterine origin of microbic diseases is yet imperfect, there can 
be no doubt that future study and research will clear up many 
existing dark points, and furnish a satisfactory demonstrative ex- 
planation of the direct and indirect hereditary influences in the 
causation of disease. I shall in this connection refer particularly to 
the clinical observations and experimental work which tend to prove 
the direct transmission of pathogenic microbes from the mother to. 
the foetus. 

1. Clinical Evidences. — LebedefF (" Ueber die intra-uterine 
Uebertragbarkeit des Erysipels," Zdtschrift fur Geburtshulfe, B. 
xii. 'So. 2) reports a case of premature birth which occurred eight 
days after the mother had recovered from erysipelas. The child 
died ten minutes after birth, and the author found Fehleisen's 
streptococcus in the lymphatic vessels, in the diseased skin, and in 
the umbilical cord, but not in the placenta. The author believes 
that the streptococci were transported from the lymphatic vessels 
of the lower extremities of the mother through the lymphatics of 
the uterus into the placental vessels, and from the maternal into 
tlie foetal circulation. 

Curt Jani {Lancet, September 4, 1886, p. 455) has examined the 
healthy sexual organs of nine male phthisical patients for tubercle 
bacilli. No bacilli were found, in any of these, in the semen from 
the vesiculse seminales ; but, on the other hand, in five out of eight 
cases a few were found in tiie testicle, and in four out of six in the 
prostate. The testicles appeared healthy in structure. He further 
examined two women who died of pulmonary phthisis, the ovaries 
in both presenting negative results. In one case of chronic pul 
monary phthisis, with extensive intestinal tuberculosis, he exam- 
ined the Fallopian tubes and found tubercle bacilli. He believes 
that the tuberculous virus can be transmitted from parents to 
offspring in one of two ways : 1. Through the semen of the male. 
2. Through the migration of bacilli into the uterus from the ab- 
dominal cavity. Infection of the impregnated ovum by the 
placental circulation he thinks must be unusual, because the exami- 
nation of the body of a woman, five months pregnant, who died 
from acute miliary tuberculosis, in whom infection took place 
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through the growth of a caseous mass in a pulmonary vein, showed 
that there were no bacilli either in the placental attachment, in the 
lungs, or in any of the organs usually the seat of localization in the 
embryo. He, however, considers that it is by no means certain 
that in chronic miliary tuberculosis deposits may not form in the 
neighborhood of the placenta, and thus infect the foetal organism. 

That pathogenic microorganisms may exist in the blood of 
apparently healthy mothers without doing any harm is well illus- 
trated by children who have been born suffering from acute suppu- 
rative osteomyelitis, while the mother, through whose blood only 
the microorganisms could have come, showed no evidences of 
disease. Rosenbach reports such a case in his article on acute 
osteomyelitis. 

Sangalli (Virchow u. Hirsch's JahresbericM, 1883, B. 1, p. 383) 
found the bacilli of anthrax in the blood of a foetus from a woman 
who had died of carbuncle. In opposition to the views of Golgi 
and others, he affirms that the transmission of the disease from the 
mother to the foetus in utero could only have taken place by the 
passage of the bacilli or spores from the maternal to the foetal circu- 
lation through the placenta. 

Ahlfeld and Marchand (Oentralblatt f. Bdkteriologie u. Para- 
sitenkunde, No. 14, 1887) report the case of a woman who presented 
no symptoms of disease except a moderate pallor and tympanitic 
distention of the abdomen. After a normal labor she gave birth to 
her second child; eight hours after delivery the patient died in 
collapse, for which no explanation could be found. The autopsy 
revealed anthrax as the cause of death. The child died four days 
after birth from the same cause. The mother, as was later ascer- 
tained, contracted the disease in sorting horsehair, and the child 
was infected directly through the placental circulation. 

Netter (" Transmission de la pneumonic et de I'infection pneu- 
monique de la mhre au foetus," Oompt. rend., March 9, 1889) 
reports a carefully- observed case of the direct transmission of the 
diplococcus of pneumonia from mother to foetus. The mother was 
a Vl.-para, pregnant eight months when she was attacked with 
croupous pneumonia, which terminated on the seventh day in 
recovery. On the ninth day after the attack she was delivered of a 
living child. The child died on the fifth day after birth. The 
autopsy revealed lobar pneumonia, involving the right upper lobe, 
double fibrinous pleuritis, pericarditis, suppurative meningitis, and 
otitis media on both sides. Bacteriological examination of the dif- 
ferent inflammatory products, as well as of the blood taken from the 
left ventricle, showed the presence of Frankel's diplococcus of 
pneumonia. 
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2. Experimental Proof. — Bollinger was the first to assert 
that the bacillus of anthrax could pass from mother to foetus through 
the placenta. 

Strauss and Chamberland ("Sur le passage de la bacteridie 
charbonneuse de la mere au foetus," Crazette hebdom. de Mid. et de 
Chir., 1883, No. 10) experimented on guinea-pigs to prove that 
intra-uterine transmission of anthrax from mother to offspring is 
possible. Gravid animals were inoculated and the foetuses examined 
immediately after death. Blood taken from the cavities of the 
heart and the liver, examined under the microscope, never showed 
bacilli. Cultivation experiments were made with the fcetal blood 
in veal bouillon, and these demonstrated that in some instances the 
blood of all foetuses from the same mother contained bacilli; some- 
times all cultures remained sterile ; while in some the blood of only 
one foetus would yield a positive result. From these experiments 
the authors came to the conclusion that the tissues of the placenta 
oiler no insurmountable obstacle to the passage of the bacillus of 
anthrax from the maternal into the foetal circulation. 

Max Wolff ("Ueber Vererbung von Infections- krankheiten," 
Virchow's Arohiv, B. 112, pp. 136-202) has studied the subject of 
intra-uterine transmission of infective diseases by a series of carefully- 
conducted experiments. He worked with cultures of anthrax bacilli 
and examined the blood and internal organs of the foetuses under 
the microscope, and tested their sterility by cultivation and inocula- 
tion experiments. The pregnant animals which were inoculated 
with a pure culture of anthrax bacilli manifested symptoms of the 
disease in from thirty-six hours to three days. The blood and inter- 
nal organs of 29 foetuses contained no bacilli, as was shown by most 
careful microscopical examination, after single and double staining. 

The placenta in each instance contained numerous bacilli, while 
the villi of the chorion showed no trace of them. From these 
29 foetuses 156 cultivation experiments were made with tissue from 
the kidney, liver, and lungs, and of this number a positive result 
was obtained in only 6. 14 guinea-pigs and 16 white mice were 
inoculated with fcetal tissue, with the result that in only 3 cases was 
the disease transmitted in this manner. The author is inclined to 
the belief that the successful cultivations and inoculations were due 
to contamination with the maternal tissues. He affirms that the 
placenta constitutes an impervious barrier to the passage of micro- 
organisms from the maternal into the foetal circulation. 

K.onh&s.&oW {Centralblatt f. d. med. Wissenschaften, Jan. 6, 1886) 
came to more positive results in his experiments with anthrax 
bacillus. In all of his experiments, the foetuses of the infected 
animals contracted the disease in utero. He also found that 
time played an important part as far as the number of bacilli in 
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the foetus was concerued, as the longer the period which inter- 
vened between the inoculation and the death of" the mother, the 
more numerous were the bacilli in the foetal organs, showing that 
the migration of microbes from the maternal to the foetal side of 
the placenta is continuous. Inoculation experiments with the 
attenuated virus proved that intra-uterine transmission took place 
more slowly. Inoculation of gravid animals with a very strong 
anthrax vaccine nearly always proved fatal to the foetus. Prophy- 
lactic vaccination of the foetus through the mother proved insuf- 
ficient against subsequent inoculations with the attenuated virus. 
In another paper the same author [Oentralblatl /. Gyndkologie, Deo. 
5, 1885) has published some important observations on the same 
subject, made in Pasteur's laboratory, in which he showed that in 
pigs the microbes of malignant oedema and tuberculosis pass directly 
from mother to offspring through the placenta. 

Kroner (" Ueber den gegenwartigen Stand der Frage des Ueber- 
ganges pathogener Microorganismen von Mutter auf Kind," Bres- 
lauer arzt. Zdtschr., 1886, No. 11) made his experiments on rabbits 
with the bacteria of sepsis. The results obtained were not con- 
stant. In all, six rabbits were inoculated at different stages of 
gestation. In the blood of the foetuses no bacteria could be found. 
Inoculation with the blood of the foetuses yielded, among a num- 
ber of negative, four positive results. After a careful considera- 
tion of the subject, based upon his own experience and the obser- 
vations of others, he came to the conclusion that a number of 
microbic diseases are communicable from mother to child through 
the placental circulation. 

One of the strongest evidences of direct transmission of patho- 
genic microbes from mother to foetus through the placental circu- 
lation, has been furnished by Johne {Lanoet, March 6, 1886). An 
eight months' foetus was taken from a cow the subject of advanced 
tuberculosis. No tuberculous products were found in the placenta 
or the uterus ; but in the lower lobe of the right lung of the foetus 
a nodule, the size of a pea, was detected, containing four caseous 
centres. The bronchial glands were the seat of tubercular adeuitis. 
The liver contained numerous miliary tubercles. All the lesions 
presented under the microscope the characteristic histological 
structure of tubercle. 

Levy {Journal des Connaissances Midicale, Janvier, 1890, abstract 
in American Journal Medical Sciences, Angwst, 1890) reports the 
case of a woman, aged thirty years, who had died_ froni _ double 
fibrinous pneumonia, complicated by pleurisy and pericarditis. _ By 
aspiration sero-purulent fluid was removed from the thoracic cavities. 
This fluid gave cultures showing the diplococcus of Frankel- 
Weichselbaum ; inoculations from this fluid showed the presence 
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and potency of the germ. This woman's child was born thirty- 
six hours before its mother's death, and died two days later from 
hemorrhagic catarrhal pneumonia and fibrinous lobar pneumonia. 
Autopsy demonstrated the infectiousness and that it had persisted 
at least thirty-six hours before the child was born. Cultures made 
with fluids removed from the left heart ventricle and from the 
right lung, demonstrated the presence of the diplococcus; the 
microorganisms were especially numerous in the blood. The con- 
clusions are that the child was infected from the mother's pneu- 
monia. 

That syphilis is a microbic disease can no longer be doubted, 
and that "it is one of the diseases which is most frequently trans- 
mitted from parents to offspring is well known. Some interesting 
observations have recently been made on the etiology and trans- 
missibility of syphilis by Disse and Taguchi, of Japan [Oentralblatt 
f. Gyndkologie, 1888, No. 11), and if future research should cor- 
roborate their claims, their researches will constitute an important 
contribution to our knowledge of the heredity of this disease. 
They discovered in syphilitic lesions, isolated, and cultivated from 
them, a diplococcus. With a pure culture of this microbe they 
inoculated gravid dogs, and found that the microbe permeated the 
placental tissues, and entered .directly into the circulation of the 
embryo. The pups suffered from all the characteristic lesions of 
hereditary syphilis as observed in man. The lesions commonly 
found were pneumonia, disease of the liver, bones, and kidneys. 
In all of these organs the same diplococcus was found as was used 
in the inoculation experiments. 

Romeo Mangeri, of Catania, believes that direct transmission of 
microbes from mother to foetus through normal placental vessels is 
impossible. As the result of an extensive study of the literature 
of the subject and of original experiments, he has come to the 
conclusion that no formed elements naturally pass out of the 
mother's blood into the foetal circulation. Cinnabar, Indian ink, 
carmine, and other finely-divided pigment materials were injected 
into the jugular veins of animals advanced in pregnancy, but in 
no case could any trace of the substance employed be found in the 
foetus. According to his belief, passage of formed elements can 
only occur when the placenta becomes diseased by inflammation, 
or is partially detached so that the walls of the villi are destroyed. 
Only under this condition he maintains can pathogenic microorgan- 
isms be transmitted from the mother into the foetal blood. 

Most all authors agree that, when extravasations, or other patho- 
logical processes occur in the placental attachment, the direct en- 
trance of microbes from the mother into the foetal circulation is 
not only a possible, but a probable occurrence. Abnormality in 
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the placental circulation must, therefore, be recognized as a condi- 
tion which favors the transmission of microorganisms from mother 
to foetus. 

All of the foregoing observations and experiments furnish sub- 
stantial proof that in some infectious diseases heredity is traceable to 
direct transmission of the specific microbes floating in the circula- 
tion of the mother to the foetus, through the thin wall which sepa- 
rates the maternal from the foetal blood. It is no more difficult to 
explain the migration of microbes through such a thin septum 
than their transportation from one tissue to another, and from 
organ to organ in other parts of the body, more especially as the 
anatomical conditions for mural implantation in the placental 
vessels are most favorable for such an occurrence. 



CHAPTEK II. 

DO PATHOGENIC MICROOEGANISMS EXIST IN THE 
HEALTHY BODY? 

It still remains a disputed question whether pathogenic micro- 
organisms can exist in the body without giving rise to disease. It 
has been definitely ascertained by experimental research that many 
of the pathogenic germs are harmless as long as they remain in the 
circulating blood, and that their specific pathogenic action only 
becomes evident after localization takes place in some part of the 
body, in a soil prepared by injury, or disease, for their arrest and mul- 
tiplication. It has also been definitely settled by clinical experience 
that pathogenic spoi'es may remain in the healthy body, in a latent 
condition, for an indefinite period of time, until by some accidental 
pathological changes the tissues in which they may exist have been 
prepared for their growth. Numerous experiments will be cited 
elsewhere, in which injections of pure cultures directly into the 
circulation produced no ill effects in healthy animals, but when 
previous to the injection, or soon after, an injury was inflicted in 
some part of the body, localization occurred at the seat of trauma, 
and in the culture soil thus prepared the microbes produced their 
specific pathogenic effects. From these remarks it is reasonable to 
assume that pathogenic germs may exist in the healthy body with- 
out necessarily giving rise to disease, especially if, as is well known, 
they are being constantly eliminated through the excretory organs. 
Some of the arguments for and against this theory will now be 
introduced. 

Fodor (" Bacterien im Blute lebender Thiere," Archivf. Hygiene,' 
B. iv. p. 129) introduced directly into the circulation of rabbits 
pathogenic bacteria, in order to study their effects on the tissues 
and manner of elimination. As a rule, he found that they had 
completely disappeared from the blood after twenty-four hours. 
No culture experiments were made less than four hours after inocu- 
lation. He believes that the microbes are removed by the red cor- 
puscles, or that they are digested by the leucocytes. He affirms 
that, as a rule, pathogenic germs are not present in the healthy 
organism, as he found the blood of healthy rabbits, without excep- 
tion, sterile ; and only in exceptional cases was he able to demon- 
strate the presence of bacteria in animals killed, even where the 
examination was postponed until putrefaction had set in. 
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Zahor (" Ueber das Vorkommen von Spaltpilzen im normalen 
thierischeu Korper," Wiener med. Jahrbuoher, p. 343, 1886) exam- 
ined the blood, testicle, heart, and spleen of a healthy rabbit, and 
found in fresh as well as in hardened sections, after staining with 
methyl-violet, cocci, and here and there rods. The same examina- 
tions with like results were made on the organs of a young cat. 
Under strict antiseptic precautions he removed a testicle from an- 
other healthy animal, and embedded it at once in paraffin, which, 
under the microscope, was also seen to contain bacteria. 

Bizzozero (Virchow's Jahresbericht, 1887, B. 1, p. 283) could 
not detect bacteria of any kind in animals soon after birth, but 
in the lymph follicles of the vermiform process in healthy rabbits 
he found numerous bacteria which could be readily stained with 
Gram's solution, and which, in form and size, corresponded with 
the schizomycetes which are always contained in the intestinal con- 
tents of these animals. The microbes were seen mostly in the pro- 
toplasm of cells, a condition which would indicate that they are 
transferred from the intestinal canal into the closed lymph follicles 
through the medium of migrating cells. 

Hauser (Vorkommen von Microorgauismen im lebenden Gewebe 
gesunder Thiere, Archivf. experimentelle Pathologie und Pharma- 
cologie, B. xx. pp. 162-202) has made a number of carefully-con- 
ducted experiments to show that no microbes exist in healthy animals. 
The experiments consisted principally in procuring tissues prone to 
fermentation, as parts of internal organs, blood, etc., and protecting 
them against infection from without. He kept the specimens in 
rarefied air, in filtered air, hydrogen, oxygen, carbonic acid gas, 
and water, and in various artificial culture soils, at a temperature 
favorable to putrefaction, but in all instances in which the speci- 
mens remained uncontaminated no puti-efactive changes were ob- 
served. By this method he believed he was able to demonstrate 
that tissues taken from healthy animals immediately after death 
contained no putrefactive bacteria, since it is well known that if the 
specimens were not perfectly sterile putrefaction would have taken 
place. The author did not only appear to demonstrate that living 
tissues contained no microorganisms, but he also ascertained that 
the preserved sterile organs in time underwent a sort of regressive 
metamorphosis similar to that which takes place in the body in the 
absence of microorganisms, and, what is of especial interest, that 
the products of such processes of resolution possess no poisonous 
properties whatever. 

Fodor (Deutsche med. Woohenschrift, 1887) has shown that the 
power of the blood to destroy bacteria is not diminished by a mod- 
erate degree of anaemia, but is lessened when diluted with water, 
as when this is done the microbes are destroyed more slowly, and 
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with greater difficulty. Anthrax bacilli injected in large quanti- 
ties directly into the circulation disappeared from the blood in four 
hours; but within twenty to twenty-four hours they reappeared 
and the animal died. As the bacilli disappeared from the circulat- 
ing blood localization in internal organs took place, and their 
reappearance in the circulation only implies an enormous increase 
in number, and invariably resulted in the death of the animal. 
Anthrax is a blood disease ; but the blood is rather the protector 
of the organism against pathogenic microbes. 

Watson Cheyne (" On Suppuration and Septic Diseases," British 
Medical Journal, March 3, 1888) found in his experiments on the 
presence or absence of microorganisms in the living tissues that, 
while germs were absent when the animal was in a good state of 
health, yet if the vitality of the animal was depressed, say, by 
administering large doses of phosphorus for some time, organisms 
could be found at times in the blood and tissues of the body. 
Again, it has been found that, while some microorganisms when 
introduced into the living body in small number, disappear after a 
short time, when a large quantity of the cultivation is introduced 
the tissues of the body are injured by the preexisting ptomaines 
and the germs retain their vitality and often produce their specific 
pathogenic effects. Diminution of the force of the circulation also 
plays an important part in the production of microbic diseases. 
Thus, according to Cornil, a septic nephritis is readily produced by 
ligating the renal arteries for some time and then, after removal of 
the ligature, injecting pyogenic organisms into the blood. Heubner 
made the same experiment on the bladder and found that by inter- 
rupting the arterial supply for a certain time coagulation-necrosis 
occurred in the protoplasm of the epithelial cells which furnished 
the most favorable conditions for septic infection when septic 
germs were introduced into the circulation. 

Cornil also found that if a simple nephritis is induced by the ■ 
administration of cantharides, the pathological conditions thus pro- 
duced furnished the most favorable soil for septic nephritis, when 
the animal was infected with septic germs. 



CHAPTER III. 

SOURCES OF INFECTION. 

Pettenkopbe divided the pathogenic bacteria into two classes 
— the endo- and edo-genous. Under the former head were classiiied 
all bacteria which were supposed to have an endogenous origin, 
while the ectogenous variety included all bacteria which enter the 
organism from without. Syphilis and tuberculosis were regarded 
as endogenous processes, but since it has been made possible to 
cultivate the tubercle bacilli outside of the body and to produce 
with them typical tubercular lesions, this disease cannot be 
attributed any longer to an endogenous origin, and it will not be 
long before future research will transfer syphilis from the endoge- 
nous to the ectogenous variety for the same reason. Even in 
the most marked cases of so-called auto-infection the microbes 
must have entered the organism at some previous time from with- 
out, and all such affections are in every sense of the word ectoge- 
nous processes. In surgery it is of special importance that the 
endogenous origin of infective diseases should be no longer recog- 
nized, and that their causes should always be sought for outside of 
the body. 

Bacteriology has rendered the term miasma obsolete. All infec- 
tive diseases are now traced to an organic contagium. All infective 
diseases in the strict sense of the word are contagious, as they can 
only arise by the entrance of pathogenic microbes from without, 
and this can only take place if they are brought in contact with 
an absorbing surface. Of all substances which serve as a carrier 
of microbes, the atmospheric air is the most important, because it 
is present everywhere and no one can exclude himself from it. In 
a dry state, pathogenic germs move with the currents of air and 
attach themselves again to the solid or fluid substances with which 
they come in contact. Although most of the microbes under 
ordinary circumstances do not reproduce themselves outside the 
body, their resistance to heat and cold, moisture and dryness, is so 
great that they retain their disease-producing qualities often for an 
indefinite period of time, and after their entrance into the body 
and meeting with a proper nutrient medium they exert their spe- 
cific pathogenic effects. 

Sternberg ("The Thermal Death-point of Pathogenic Organ- 
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isms," American Journal Med. Sciences, vol. 94, p. 146) has found 
by a series of very interesting experiments that different pathogenic 
germs possess varying degrees of resistance to heat. The following 
were his results in studying the microorganisms which more par- 
ticularly interest the surgeon. The time of exposure was ten 
minutes, unless otherwise indicated by figures in parentheses : 

Fahrenheit. 

Bacillus anthracis (Ohaveau) .... 129.2° 

Bacillus anthracis spores 212.0 

Bacillus tuberculosis (Schill and Fischer) . 212.0 (4 m.) 

Staphylococcus pyogenes aureus . . . 136.4 

Staphylococcus pyogenes albus . , . 143.6 

Staphylococcus pyogenes citreua . . . 143.6 

Streptococcus erysipelatosus .... 129.2 

Gonococcus , • 140.0 

Of course, the same difference of resistance to cold and other 
destructive influences must exist among them. 

The spores possess still greater resisting powers, and conse- 
quently, iu places where the destructive influences ai-e sufiicieutly 
severe to destroy microbes, infection may still take place from this 
source. 

J. Geppert (" Zur Lehre von den Antisepticis," Berl. hlin. 
Wochenschrifi, Sept. 9, 1889) while making the experiments for the 
purpose of verifying the statements of Woronzoff and others, that 
the spores of the bacillus anthracis are rendered harmless by im- 
mersion in a 1 to 10,000 solution of sublimate for fifteen minutes, 
and by a 1 to 2000 solution in one minute, found a source of fal- 
lacy in their method. This consists in impregnating a thread with 
the spores and immersing it in the antiseptic solution for the desired 
time, and after washing it in alcohol or water, using it to inoculate 
nutrient media or animals, the extreme difficulty of removing all 
traces of the chemical used becomes apparent, while its importance 
is shown by the statement of Koch, that the presence of sublimate 
in the strength of 1 to 100,000 will retard the growth of anthrax 
spores. Geppert's method consists in using a suspension of spores 
in distilled water, which is then filtered through glass wool until 
the liquid is perfectly clear. After subjecting the spores for a defi- 
nite length of time to the action of the antiseptic he used some 
indifferent chemical to precipitate the antiseptic. In the case of 
sublimate he used ammonium sulphide. He made inoculations with 
spores exposed to the action of the sublimate befoi'e and after pre- 
cipitation. When he used spores exposed to the action of a subli- 
mate solution 1 to 1 000, without precipitation, he obtained cultures 
in all cases after an exposure for three minutes, once after seven 
minutes, also after ten minutes. In using spores of solutions where 
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precipitation had been practised he always obtained numerous and 
large colonies after exposure to the action of the antiseptic for 
fifteen minutes, less after thirty minutes, and very few after an 
hour's exposure, and only in exceptional cases were positive results 
obtained after action of the antiseptic for two or three hours, and 
with one exception never after seven to twenty-four hours' expo- 
sure. Combinations with other antiseptics had no retarding effect. 
From his experiments he was led to conclude that spores exposed 
for some time to a sublimate solution will not grow upon a soil 
containing the antiseptic in a very diluted form, while spores simi- 
larly treated will not grow upon a soil upon which spores not so 
treated will grow. 

By improved methods of investigation it has recently been made 
possible not only to demonstrate the presence of microbes in the 
atmospheric air, but also to prove their identity and approximately 
to determine their number in a certain volume of air. From the inge- 
nious experiment made by Miquel (" Des bacteries atmospheriques," 
Comptes rend., t. 91, No. 1) it appears that the air picks up in its pas- 
sage across the city of Paris in the course of half an hour three times 
the number of microbes it contains when blowing over the country. 
On the basis of a series of carefully-made observations to determine 
the number of microbes which a certain volume of air contains at 
different seasons of the year, he found that a cubic centimetre of 
air contains on an average two hundred spores of bacteria. During 
the summer such a volume of air often contains as many as 1000, 
while during the cold months of winter it contains as few as 4 or 5. 
In rooms with no draft of air, it required 30 to 50 litres of air 
for a successful inoculation of a sterile culture substance. In 
Miquel's laboratory 5 litres were found sufficient, while 1 litre of 
air taken from the subterranean channels in Paris produced the 
same effect. In a cubic yard of air taken from the wards of a long- 
used hospital he found as many as 90,000 microbes. This same 
observer has shown, and others have confirmed it, that sea air con- 
tains scarcely any of these microorganisms, and that mountain 
heights are as nearly free from them for obvious reasons. 

,In a recent communication to the Royal Society, Dr. Frankland 
described a new method of examining air for microorganisms. It 
consists in aspirating a known volume of air through a glass tube 
containing two sterile plugs of glass wool alone, or of glass wool 
with fine glass powder, etc., the first plug being more pervious than 
the second. These plugs are then transferred to sterilized liquid 
gelatine-peptone, thoroughly agitated with it, and then the gelatine 
is congealed, so as to form an even film over the inner surface of 
the flask. The number of colonies which develop are then counted. 
Klebs has devised a very ingenious but complicated apparatus for 
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filtering a measured quantity of atmospheric air directly upon cul- 
ture plates, which he used in prosecuting his researches on the 
microbe of malaria in the vicinity of Eome. Tyndall has shown 
that floating microbes not only enter our bodies, but are arrested and 
retained in them, by transmitting a beam of electric light through 
air before and after it has been respired, which has demonstrated 
that, however populated before, it is entirely free from organic and 
inorganic particles after it has once passed through our lungs. 

At a recent meeting of the Academy of Sciences of Paris, 
Strauss (" Sur Tabsence de microbes dans I'air expirg," La Semaine 
Medioale, 1887, No. 49) reported a series of bacteriological experi- 
ments upon expired air. He confirms the result arrived at by 
Tyndall, that expired air is optically pure, and adds the further 
fact that it contains no microbes. Gaucher, Charrin, and Karth 
examined the expired air in phthisical patients and failed to find 
bacilli. The bronchial tubes act as filters, permitting only the 
passage of air. 

Neumann ("Ueberden Keimgehalt der Luft im stadt. Kranken- 
hause Moabit," Vierteljahressohrift f. geriohtliohe Ifedicin, B. xlv. 
p. 310, 1886) made 35 experiments after Hesse's method to deter- 
mine the number of germs which exist in a certain volume of 
atmospheric air. The cultures were made upon meat infusion- 
peptone -gelatine. With an apparatus of special construction, from 
5 to 20 litres of air were taken from one of the rooms in the 
Moabit Hospital. The examination of air, taken at different ele- 
vations, from 1.40 to 3.20 m., showed that it contained about the 
same number of microbes. In the morning after the rooms had 
been swept, from 80 to 140 microbes were found in every 10 litres 
of air. Four consecutive examinations of the same quantity of 
air taken at the same height showed a gradual decrease in the 
number of germs, so that at the last examination, at eight o'clock 
in the evening, only from 4 to 10 germs were found. Cocci were 
more abundant than bacilli, and microbes were more frequently 
met with than spores, a fact which had already been established by 
Hesse. 

Buchner {Munch, med. Wochensohrifi, 1888, Nos. 15-17) has 
recently made some interesting experiments on the inhalation of 
microbes with the inspired air, and has come to conclusions some- 
what different from those heretofore held. The animals were 
exposed to a spray of diluted cultures of different bacteria, in such 
a way that only the finest mist of the spray reached them. Control 
experiments were -made by feeding, so as to exclude accidental 
infection through the alimentary canal by swallowed spray. The 
results showed that this happened very seldom, and also that the 
amount necessary to cause infection through the intestinal canal is 
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much larger than that for the lungs. The bacteria used were 
those of authrax, with their spores, and those of chicken cholera 
and septicseniia. Irritation of the bronchial mucous membrane 
retarded the ingress of microbes into the circulation. When large 
quantities of bacilli were used the irritation was often so great 
that a hemorrhagic pneumonia resulted. The best results were 
obtained by using only the spores, after destroying the bacilli by 
drying. The growth of bacilli was very rapid, and in a short 
time the microbe could be found in the pulmonary capillaries. 
The rapidity with which the microbes entered the pulmonary 
tissue was proof positive that a more direct tolerance was effected 
than through the lymphatics. The author is of the opinion that 
the chemical irritation exerted on the walls of the capillaries 
causes the formation of stomata, through which the bacilli grow. 
These experiments demonstrate also, that the blood microbes are 
best adapted to pass through the pulmonary tissues into the circu- 
lation. The microbes of anthrax, recurrent fever, and malaria are 
the most striking examples of the blood parasites so far known. 
In infection caused by blood microbes, the point of entrance can- 
not always be found, as they may enter through apparently intact 
surfaces. Even in the case of microbes not strictly blood micro- 
organisms, it is possible for them to penetrate the pulmonary capil- 
laries and be transported to that part of the body where they 
afterward initiate morbid conditions. These experiments show 
conclusively that pathogenic microbes suspended in the atmospheric 
air can enter the organism through the respiratory organs. 

Petri (" Zusammenfassender Bericht iiber Nachweis und Bestim- 
mung der pflanzlichen Microorganismen in der Luft," Centralhlatt 
f. Baetenologie u. Parcmtenkunde, B. ii. Hefte 5 u. 6) claims that 
the methods so far employed in the detection of pathogenic germs 
in the air have not succeeded in demonstrating more than the 
microbes of pus, a circumstance which may be ascribed to the 
methods employed, as some pathogenic germs do not grow upon 
gelatin at ordinary room temperature, and that the culture of the 
microbe sought for may become obscured by cultures of other 

microbes. . -n • ,> i i • • 

Emmerich (" Ueber den Nachweis von Erysipelkokken m emem 
Secirsaale," Deutsohe med. Woohensohrifi, 1877, No. 3) by means ot 
an aspiration apparatus obtained air from an old dissecting-room, 
which for a long time had not contained any erysipelatous material, 
and cultivated from it the cocci of erysipelas, which on being inocu- 
lated into animals produced typical erysipelas. The cocci were also 
found in shavings of the floor and in the plastering of the walls 

and ceilings. _,.,,,, • j t ^ u- 

Eiselsberg (" Nachweis von Erysipelkokken in der Lutt chirur- 
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gischer Krankeuzimmer," Langenbeck's A7-chiv, B. xxxv. Heft 1) 
made a series of experiments for the purpose of ascertamiug the 
presence of pathogenic microorganisms in the air of hospital wards 
occupied bj^ surgical patients. By exposing for a certain length of 
time glass plates coated with sterilized gelatine or agar-agar m a 
room occupied by four cases of erysipelas, twice colonies of cocci 
were found, which, however, grew only to a limited extent. Inocu- 
lation upon agar-agar and gelatine as well as upon solid blood- 
serum showed that the new growth was composed of Fehleisen's 
streptococcus. Its identity with the microbe of erysipelas was 
further demonstrated by inoculatiou experiments which proved 
successful. In another room containing surgical patients, where all 
the wounds were aseptic, a growth of the staphylococcus pyogenes 
aureus developed upon culture plates. From erysipelatous patients 
during the stage of desquamation, he inoculated sterilized gelatin 
with epidermic scales, and in four out of five cases the specific 
microbe of erysipelas was cultivated. 

At the last Congress of Italian Surgeons, Durante reported 
experiments, performed at his suggestion, by his assistant, to deter- 
mine the presence of germs in the air about the bed of a surgical 
patient, and in a ward. It was found that the greatest number of 
germs were preseht about forty inches above the border of the bed ; 
in all other directions the number of germs greatly decreased. 
Culture materials placed beneath the bed, and about the bottoms of 
the neighboring walls, remained frequently sterile. The germs 
most frequently found were staphylococcus pyogenes aureus, strep- 
tococcus of erysipelas, and Frankel's pneumococcus. (Deutsche med. 
Wochensohrift, May 3, 1888.) 

Wehde investigated the infectiousness of air in rooms occupied 
by phthisical patients by exposing plates smeared with glycerin, 
and with the dust thus collected he inoculated guinea-pigs ; the 
results were negative. From these experiments he concluded that 
the air expired by tubercular persons does not contain the bacillus, 
and that tubercular sputum, as long as it remains moist, does not 
emit microbes. Similar results have been obtained by Celli and 
Guarnieri, Sirena, Pernice, and Nicolas. On the other hand, 
Theodore Williams [Lancet, 1888), by resorting to the same 
method, and exposing the plates to the current of air in one of the 
ventilating shafts in the Brompton Hospital for five days, demon- 
strated the presence of tubercle bacilli upon the glycerin plates. 
The most recent and reliable experiments on the existence of tuber- 
cle bacilli in hospitals and sick-rooms have been made by Cornet, 
in Koch's Hygienic Institute, his method consisting in wiping the 
walls of wards and sick-rooms at places where the dust had been 
left undisturbed for a long time, with a sterilized sponge, and 
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squeezing it out in bouillon, so as to liberate any germs that might 
have been caught. This fluid was then injected into the peritoneal 
cavity of guinea-pigs. If tubercle bacilli were present, the animal 
invariably manifested symptoms of peritoneal tuberculosis three to 
four weeks after inoculation. In 7 hospitals in Berlin, 21 wards 
occupied by tubercular patients were examined. The sponge was 
only used on surfaces which had never been exposed to direct con- 
tact with the expectorations of the patients. In 15 out of the 21 
wards tubercle bacilli were present, and of 94 animals which were 
inoculated, 20 died of tuberculosis. In the homes of fifty-three 
private patients, the presence of tubercle bacilli was demonstrated 
by the same method in 20. 

That microbes in a dried state, adherent perhaps to particles of 
dust, follow the currents of atmospheric air, has been demonstrated 
by the history of endemics of malaria. 

Cadene and Malet (" Etude experimental de la transmission de 
la mave par contagion mediate on par infection," Remie de MSdioale, 
t. viii. p. 227) have studied experimentally the transmission of the 
bacilli of glanders through the atmospheric air, and have come to 
the positive conclusion that the disease is not contracted in this 
manner. They exposed animals which are known to be very sus- 
ceptible to the disease, such as the ass, to the expired air of animals 
suiFering from glanders, but the results were always negative. 
They next produced a bronchitis in animals by inhalations of 
bromine before they were exposed to the expired air of animals 
suffering from glanders, but the results remained the same. The 
expired air of diseased animals was next mixed with steam, and 
the latter was condensed, but no bacilli could be found, and inocu- 
lation in guinea-pigs only yielded negative results. The same 
negative results were obtained by passing the expired air over 
water, as the latter was always found sterile. The air in the 
stables occupied by the diseased animals was also found free from 
bacilli. Pure cultures of the bacilli were injected into the trachea 
of a number of animals, with the result that in only two was the 
disease produced, while all animals inoculated in the same manner 
which were suffering from bromine bronchitis contracted the disease 
and died. 

It is also well known that microbes which have been carried 
upward by currents of air descend by virtue of their own weight. 
When the air is in a quiescent state the lower strata contain 
microbes in greater abundance than the upper. Klebs found that 
in the Campagna districts, near Home, an elevation of three metres 
afforded perfect immunity against malaria. Soyka made some 
observations on currents of air as a vehicle for the diffusion of 
microbes in Klebs's laboratory at Prague. He came to the conclu- 
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sion that very slight currents convey microbes from the n^argius of 
drying fluids, while jSTaegeli asserted that a current of considerable 
force is necessary to effect such transportation, and that the lifting 
up of the particles into the air by the current was greatly influenced 
by the force of adhesion which exists between the particles and 
the surface to which they adhere. 

The great media for the diffusion of pathogenic microbes over 
the surface of the globe are the air and water. Some of the micro- 
organisms, as the pus-microbes, appear to be almost omnipresent, 
while others are diffused over a more limited area, their existence 
being dependent upon certain conditions of the soil or temperature. 
Water as a medium of diffusion and vehicle for the entrance into 
the organism of pathogenic microbes, is of greater interest to the 
physician than the surgeon. The superficial layer of the soil con- 
tains most of the disease germs and spores, as they are deposited 
upon it from the air, and carried into it by water which contains 
them, the soil in the latter instance serving the purpose of a filter- 
ing substance. To the surgeon, direct infection with microbes ot 
the soil has awakened new interest by Nicolaier's discovery that 
the bacillus of tetanus has here its natural habitat, and from the 
well-known circumstance that the bacillus of anthrax is known to 
multiply in the soil of pastures which have been inhabited by 
animals suffering from this disease. 



CHAP TEE IV. 

LOCALIZATION OF MICEOOEGANISMS. 

Every surgeon has had frequent opportunities to observe cases 
in which a slight subcutaneous injury was followed by a destructive 
inflammation, an inflammation not produced by the trauma, but by 
the localization of pathogenic microbes in the tissues altered by the 
injury. Thus Ghaveau (Comptes rendus, t. 76, p. 1092) has shown 
experimentally that subcutaneous crushing of tissue furnishes a 
favorable condition for the localization of pathogenic microorgan- 
isms carried to the part by the circulating blood, when he injected 
a putrid fluid directly into the circulation of young rams shortly 
before subcutaneously crushing the testicle, the injured organ always 
became the seat of septic gangrene, while without such injection 
the crushed testicle disappeared by necrobiosis and absorption. 
Gangrene only occurred if the putrid fluid contained bacteria ; it 
did not take place if the fluid was carefully filtered. Extensive 
subcutaneous injuries, as severe contusions, rupture of tendons or 
muscles, and crushing of bone, are not followed by suppuration, 
unless the injured tissues become subsequently the seat of infection 
with pus-microbes. A patient may have been the subject of tuber- 
cular infection for an indefinite period of time, and yet may present 
the appearances of ordinary health until some slight injury deter- 
mines localization of the' bacillus of tuberculosis in the part injured, 
an occurrence which is followed by a localized tuberculosis from 
which, later, regional and general dissemination takes place, to 
which the patient finally succumbs, unless the tubercular focus is 
removed by an early operation. These facts suggest very strongly 
that, in the hypothetical cases, suppuration aud tuberculosis would 
not have taken place in the part injured without the injury, and 
that the injury certainly would not have produced suppuration or 
tuberculosis unless the respective patients had been infected pre- 
viously with specific pathogenic microorganisms. The injury in 
these cases creates a so-called locus minoris resistentice, which may 
signify one of two things : 1. Diminution or suspension of resist- 
ance on the part of the injured tissues to the action of pathogenic 
microorganisms, which was present in the part at the time of injury ; 
or, 2. The injury so alters the tissues that pathogenic germs, which 
were present in the circulation without having given rise to symp- 
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toms, become arrested, and find at the same time the uecessary 
nutrient medium for their multiplication. These questions have 
been made the subject of patient experimental inquiry by a number 
of investigators, the most important results of which will now be 
mentioned. 

1. Bacii.li of Anthrax.— Huber ("Experimentelle Unter- 
sucliungen iiber Localisation von Krankheitsstoffen," Virchow's 
Archiv, B. vi., 1886) calls attention to the circumstance that a 
number of infectious diseases, such as tubercular affections of the 
bones and joints, certain cases of pyaemia, osteomyelitis, and diffuse 
suppurative inflammation in diiferent tissues, are liable to follow 
injuries unattended by infection from without. Again, we have 
local infective processes which occur as complications during the 
course of typhus and typhoid fevers, syphilis, and other infective 
diseases. Through these extraneous influences, or accidental con- 
ditions, certain parts of the body are rendered more susceptible to 
the development of serious local disturbances under the action of 
infective germs than the remainder of the body ; in other words, a 
local predisposition, a locus minoris resistenticB, is created. The 
experiments of the author were made on rabbits, in which, by the 
application of croton oil to the ear, he produced a tissue lesion by 
the inflammation which followed. Only one ear was thus treated, 
the other being left in a normal condition in order to compare the 
results of the subsequent action of pathogenic microbes upon nor- 
mal and inflamed tissues. The virus selected was a pure culture 
of the bacilli of anthrax, and the reliability of the culture was 
always tested before inoculations were made. The inoculation was 
always made at the root of the tail, as far as possible from the seat 
of inflammation produced by the croton oil. According to the 
stage of inflammation in which the action of the bacilli of anthrax 
was intended to be studied, the croton oil was applied either before 
or after the inoculation. Immediately after death the ears were 
removed and carefully preserved for subsequent examination, at 
the same time serum and blood were separately taken in sterilized 
glass-tubes from the inflamed ear under strict alntiseptic precau- 
tious. For microscopical examination the specimens were carefully 
stained, while cultivations were made by inoculating sterilized 
nutrient fluids, as at that time the method of cultivation on solid 
nutrient media inaugurated by Koch was not known. These ex- 
perimeuts enabled the author to state that in all stages of the 
inflammatory process the bacilli were never found outside the walls 
of the capillary bloodvessels in the tissue placed in a condition of 
inflammation by the croton oil. Their number within the blood- 
vessels depended upon the conditions of the inflamed bloodvessels. 
During the first stage of inflammation, marked by oedema without 
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suppuration, uiore bacilli were found within the inflamed vessels 
than in the corresponding vessels of the opposite ear. The bacilli 
were found equally distributed in the arteries, veins, and capilla- 
ries, but were never found anywhere in the para-vascular tissues. 
The first stage of inflammation lasted on an average seven hours 
and a half, after which suppuration initiated the second stage. 
During this stage, the bacilli disappeared within the bloodvessels ; 
this could be more readily seen forty-eight hours after the croton 
oil was applied. During the third stage, when granulations com- 
menced to form, a complete change was again observed in the 
bacteriological condition of the inflamed part. The height of this 
stage is reached on the tenth day. During this stage the bacilli 
reappear in the inflamed tissue, where they can be seen in consid- 
erable number, especially in the interior of new capillary blood- 
vessels. During the process of cicatrization the number of" baeilli 
in a corresponding area of both ears was about the same. From 
these observations Huber concluded that the bacillus of anthrax 
finds, in a soil prepared by inflammation induced with croton oil, 
a loous minorit resistentice, which presents more favorable condi- 
tions for its growth than tissues in other parts of the body. Sup- 
puration appeared to neutralize the anthracic process by the 
destructive eifect of the pus ptomaines upon the bacilli. The con- 
clusions wliich he has drawn from his experiment may be sum- 
marized as follows : Localization of preexisting microorganisms in 
tissues prepared by injury or disease takes place, provided that the 
necessary conditions for their growth are present. 

In looking over diffei'ent pathological conditions we frequently 
meet with a so-called locus minoris resistentice ; at any rate, if we 
search only for that which should mean what has been described 
above, it is not difficult to conceive how slight injuries, wounds, 
contusions, etc., should in this manner give rise to serious aSec- 
tions. But not only do direct tissue lesions, as hemorrhages, 
necrosis, hypersemia, fractures, etc., act in this manner, but a 
variety of pathological conditions of a general nature may serve 
the same purpose as imperfect digestion, enfeebled circulation and 
respiration, and exposure to cold. All these ill-defined conditions 
belong here, and through their instrumentalities the localization of 
infective germs is favored. In mixed infections it can be said that 
certain infective microbes prepare the tissues for the reception and 
growth of other pathogenic germs. 

Muskatbliith ('' JSTeue -"Versuche fiber Infection von den Lungen 
aus," Centralblatt f. Baeteriologie u. ParasUenkunde, B. 1, No. 2) 
has made some very interesting and practical experiments on in- 
fection through the respiratory passages. The bacillus of anthrax 
was used. The infection was made in two ways : 1. Direct injec- 
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tion of a pure culture into the trachea. 2. Injection through a 
tracheal tube. In the latter case the injection was not made until 
the tracheal wound had completely healed around the canula, and 
the tube was left in situ until the death of the animal. The tra- 
cheal wound in these cases never became infected. Direct injections 
into the trachea always produced positive results, the animals 
dying of anthrax in from forty to forty-eight hours. As in these 
instances the tracheal wound always became infected, it became 
necessary to kill the animals soon after the injection in order to 
determine the effect of the bacilli on the pulmonary tissues. _ On 
microscopical examination of the specimens of animals killed 
sixteen hours after direct injection, free bacilli were found in the 
wound, the walls of the alveoli, in the juice canals and only 
a few rods in the, interior of the alveoli themselves and the 
lumen of the bronchial tubes. The bacilli were most abundant 
in the so-called dust cells, derivatives of the alveolar epithelia. 
No bacilli could be seen in the peri-bronchial and peri-vascular 
lymph spaces. On examination of the bronchial glands, a very 
peculiar arrangement of the bacilli was found. Each section con- 
tained countless bacilli which occupied almost exclusively the 
lymph channels of these organs ; in the bloodvessels they were 
scanty. The bacilli and threads surrounded the periphery of the 
cortical follicles in the shape of a very dense zone, the density of 
which diminished toward the centre of the follicle and followed 
the medullary strings. In animals killed seventeen hours after 
direct injection, small pieces of the lung or liver planted on a 
proper culture-soil were soon surrounded by a copious growth of 
bacilli. In animals injected through a canula after complete cica- 
trization of the tracheotomy wound, killed after forty hours, the 
bacilli were found most numerous in the pulmonary bloodvessels, 
while the dust cells contained only a single rod, if any. Most all 
of the bacilli had left the lymphatic glands, and had passed into 
the general circulation. From these experiments the author con- 
cluded that the bacilli of anthrax can enter the circulation through 
the mucous membrane of the bronchial tubes, and tljat the juice 
canals, lymphatic channels of the bronchial tubes, lungs, and the 
bronchial glands are the channels through which infection takes 
place. The carriers, which are directly concerned in the transpor- 
tation of the bacilli from the mucous surface into the lymphatic 
system, are yet to be discovered. It seemed strange to the author 
that no bacilli could be found in leucodytes, but always only in 
epithelial cells. Final localization of the bacilli of anthrax 
which have entered the circulation through the lungs takes place 
in distant organs through the medium of the general circulation 
by implantation upon the endothelial lining of the capillary ves- 
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Parasitic interstitial pneumonia, from the lungs of a guinea-pig 
infected with anthrax. Hartnach. Obj. 4. O. 2. Picro-carmine- 
gentian. 

a. Periarterial growth. 

b. Wall of artery. 

c. Thrombus with bacilli. 
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sels. Other experimenters affirm that if the bacilli of anthrax are 
injected in moderate quantities into the circulation of animals, they 
■disappear soon from the blood without having produced any 
pathogenic effects ; but, if in animals thus injected a contusion is 
produced in some part of the body, the bacilli pass out of the 
vessels into the connective tissue along with the blood, grow there, 
and soon cause the formation of the characteristic inflammatory 
product, the diffusion of the disease, and its fatal termination. 

2. Bacilli of Tuberculosis. — Volkmann (" Chirurgische 
Erfahrungen iiber die Tuberculose," Verh. der Deutschen Qesell- 
schafi f. Chirurgie, 1885), from an extensive clinical experience, 
came to the conclusion a long time ago that a severe trauma seldom, 
if ever, gives rise to tuberculosis at the seat of injury, but that 
where local tuberculosis is caused by an injury the trauma was 
always slight, sometimes almost insignificant. He maintains that 
the active tissue-changes which follow a severe injury during the 
reparative process counteract the growth and propagation of the 
bacillus. Luecke attributes to exposure to cold an important rSle 
in the causation of tubercular and other infective forms of inflam- 
mation, as he asserts that the sudden diminution of blood-supply 
to the cutaneous surface causes internal congestions which favor the 
localization of pathogenic germs in some one of the congested parts, 
otherwise predisposed to the specific inflammation. 

Schueller (ExperimenteUe und histologisohe Untersuehungen uher 
lEhdstehung der skrophulosen u. tuberkuldsen Gelenkleiden, Stuttgart, 
1880) studied the localization of the tubercular virus experiment- 
ally in the same manner as others have studied the localization of 
pus-microbes. He inoculated animals with the products of tuber- 
cular inflammation, subsequently produced contusions and sprains 
of joints, and observed that localization usually occurred at the 
seat of injury. If the tubercular virus was introduced by inhala- 
tion, the same typical lesions occurred in the injured joints as when 
infection was made more directly. In all cases the products of the 
local lesion corresponded with the character of the material intro- 
duced through some remote point. Surgeons are well aware of the 
danger of general infection following an injury to a part or an 
organ the seat of a local tuberculosis, more particularly in cases of 
tubercular disease of joints. Cases like the following are not of 
rare occurrence. 

Szuman (" Brisement forc6 eines skrofulos entziindeten Knie- 
gelenkes und konsecutiver acuter allgemeiner Miliar-tuberculose," 
Omtralblattf. Chirurgie, 1885, No. 29) relates the case of a small, 
well-nourished child, the subject of tuberculosis of one of the knee- 
joints. The joint was punctured with a fine trocar, and although 
no pus escaped, it was washed out through the canula with a solu- 



42 LOCALIZATION OF MICRO-OEG ANISMS . 

tion of carbolic acid. The swelling diminished, but the joint 
became fixed by false ankylosis at nearly a right angle, ^^est in 
bed and extension with weight and pulley had no effect. Under 
an auEesthetic hrisement ford was made, and a plaster-of-_Paris 
bandage applied. The operatiou was followed by a^ continued 
fever, the temperature at times reaching 40° C. (104° F.), rapid 
emaciation, cough, expectoration, and rSles over both lungs, puru- 
lent otitis media, and death in a few weeks. The necropsy 
revealed acute miliary tuberculosis of lungs and several other 
organs. The joint was the seat of a caseous osteo-tuberculosis. _ 

Verch^re (" Coxalgie ancienne, Redressement et immobilisation 
dans nn bonne position, Meningite tuberculeux, Tuberculose 
miliare generalissee, Mort," Progrh Med., 1886, ISTo. 24). In a 
boy sixteen years old, who had suffered for one and three-quarters 
of a year from coxitis, reduction of a semiflexed leg was made 
under ether. But little force was used, and the limb was immo- 
bilized. Patient was emaciated, but otherwise in fair health. 
The next morning the temperature was 40° C. (104° F.), and 
symptoms of meningitis were present. These subsided after ten 
days, but a moderate fever persisted with gradual decline of health. 
After two months, pulmonary signs could be detected ; four weeks 
afterward, death. Post-mortem showed general tuberculosis and 
tubercular meningitis. The author attributes the general dissemi- 
nation to the redressement. 

In these cases, as in so many others of a similar character which 
have been reported by different surgeons, the violence used in 
straightening the limb caused laceration of some of the small ves- 
sels in the tubercular focus, which opened a direct road for the 
bacilli into the circulation, which by their rapid diffusion through 
the systemic circulation, caused acute miliary tuberculosis. Im- 
perfect operations for local tuberculosis have been followed by the 
same disastrous consequences. The veins, in the indurated tissues 
within and around the tubercular product, when opened by the 
knife, scissors, or a sharp spoon, do not contract, and cells contain- 
ing the bacilli, as well as free bacilli, find ready access into the open 
vessels, and after they have entered the circulation miliary tubercu- 
losis is produced by their localization in distant organs. In opera- 
tion wounds, after incomplete removal of a tubercular focus, it is, 
therefore, advisable to prevent the traumatic diffusion of the bacilli 
by searing their surface with the actual cautery, which not only 
prevents the entrance of bacilli into the circulation, but, at the same 
time, adds to the prospects of a permanent result by destroying 
infected tissues. 

Wartmann (" Die Bedentung der Resection tuberculos erkrank- 
ter Gelenke fur die Generalisation der Tuberculose," Centralblatt f. 
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Chirurgie, 1887 No. 2), has collected 74 excisions of tuberculous 
joints made at the Canton Spital in St. Gall, for the purpose of 
ascertaining the immediate effects of the operation in causing gene- 
ralization of the tuberculosis. Of this number, 11 died, and in 2 
of them death was caused by miliary tuberculosis soon after the 
operation, the disease being produced by inoculation from the 
wound surfaces. He next collected 837 resections from other 
sources, with 225 deaths ; of these, 26 cases of acute miliary tuber- 
culosis could be traced to inoculation during the operation. 

3. Pus-microbes. — When by mechanical, chemical, or other 
injury, the vitality of tissue cells is lowered, a door is opened for 
the admission of such organisms which, having once penetrated the 
tissues or the blood, find a suitable soil for multiplication, and these 
may prove, by their mere numbers, or by their effects, injurious or 
fatal to the whole body. Nothing cau demonstrate this better than 
the experiments recently made by Orth and Wyssokowitsch, who 
found that staphylococci could be injected into the blood of a 
rabbit without apparent injury to it, but if before the injection a 
slight mechanical injury was inflicted on the valve of the heart, 
typical endocarditis was at once produced. 

To Rosenbach (" Bemerkungen zur Lehre von der Endocarditis, 
mit besonderer Beriicksichtigung der experimentellen Ergebnisse," 
Deutsche med. Wochenschrift, B. xiii. Nos. 32-33, 1887) belongs the 
credit of having first studied the influence of trauma in the locali- 
zation of microbes upon the valves of the heart in cases of artifi- 
cially-produced ulcerative endocarditis. He found in his experi- 
ments and in post-mortem examination in cases of ulcerative 
endocarditis, microbic emboli in the valves and in the infarcts of 
other organs, and classifies this affection with pysemia. The more 
frequent occurrence of endocarditis in the left side of the heart, he 
explains by assuming that the microbe finds a better soil in the 
arterial blood, as when the affection occurs in the foetus during 
intra-uterine life, when the blood in both sides of the heart is of 
about the same composition, the valves on both are affected with 
the same frequency. 

Wyssokowitsch (" Beitrage zur Lehre von der Endocarditis." 
Yirchow's Archiv, B. ciii. Heft 6) has determined with_ great 
accuracy the influence of traumatism in causing localization of 
pathogenic germs, and has found that, by introducing a rod into 
the jugular vein, he was able to cause laceration of the valves, 
and that then, on subsequent injection of a culture of staphylo- 
cocci into the blood, ulcerative endocarditis developed at the seat 
of injury. The effects of the traumatic lesion in this instance are 
no doubt chiefly due to the production of a loctos niinoris resiitentice 
in the endothelial and connective-tissue cells, as the result of the 



44 LOCALIZATION OF MICRO-OEGANISMS. 

iucipient inflammation induced by it. Similar results were ob- 
tained by Frankel and Sanger (" Uutersuchungen iiber die Aetio- 
logie der Endocarditis," Qentralblait f. klinische Medicin, 1886, p. 
577). 

Einne (" Der Eiterungsprocess und seine Metastasen," Archil) f. 
Min. Chirurgie, B. 39, p. 19) injected pure cultures of the different 
kinds of pus-microbes directly into the circulation in animals, and 
found that, as a rule, no harm resulted. In rabbits he injected 
from two to three Pravaz's syringefuls of uufiltered and filtered 
suspension of pure cultures in distilled water, and after repeating 
the injections several times inflicted all kinds of subcutaneous 
lesions without causing serious disturbances. Only in a few in- 
stances were pysemic metastases observed, and this occurred usually 
only in cases where undiluted gelatin cultures were used. In 
several dogs he made subcutaneous fractures and then injected fluid 
cultures of pus-microbes in large doses into the peritoneal cavity, 
but no suppuration occurred at the seat of injury. In six rabbits 
he fractured the femur subcutaneously, and then injected pure cul- 
tures into the jugular or one of the auricular veins, but in only 
one of them did the seat of fracture suppurate, and in this case no 
other metastases were discovered. In two experiments where he 
injected osteomyelitic pus diluted with distilled water suppuration 
was produced at the seat of fracture and at the same time abscesses 
were found in the heart-muscle and the kidneys at the autopsy. 

Rosenbach (" Beitrage zur Kenntniss der Osteomyelitis," Deutsche 
Zeitsehrift f. Chirurgie, 1878, p. 369) ascertained that acute sup- 
purative osteomyelitis in animals could only be produced experi- 
mentally by injecting pus directly into the circulation and by 
injuring the medullary tissue a few days before, or after, the inocu- 
lation. Kocher (" Die acute Osteomyelitis mit besondei-er Riick- 
sicht auf ihre Ursachen," Deutsche Zeitsehrift f. Chirurgie, 1879, p. 
87), Becker (" Ueber die Osteomyelitis erzeugenden Mikroorgan- 
ismen," Deutsche med. Wochenschrift, 1^83, No. 46), and Krause 
(" Ueber einen bei der acuten infectiosen Osteomyelitis beim 
Menschen vorkommeuden Micrococcus," Fortschritt. der Medicin, 
1884, B. ii. No. 7) repeated the experiments of Rosenbach and 
came essentially to the same conclusions. Both Kocher and Rosen- 
bach look upon the altered circulation in the injured tissues as the 
condition which determined localization, while they admit that the 
immediate tissue lesions, hemorrhage and necrosis, might have the 
same effect. Upon the same hypothesis Kocher (" Zur Pathologie 
u. Therapie des Kropfes," Deutsche Zeitsehrift f. Chirurgie, 1878 B. 
X. p. 189) explained the occurrence of traumatic suppurative stru- 
mitis in a hyperplastic struma. 

Ribbert (" Die Schicksale der Osteomyelitiskokken im Organis- 
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mus,'' Berl kUn. Woch., 1884, No. 51) used in his experimeDts ... 
emulsion of a pure culture of osteomyelitis cocci which was injected 
directly into the circulation. A few days after the injection the 
microbes had disappeared almostly completely from the circulation. 
At this stage they could only be found within the interior of the 
white blood-corpuscles and never free in the plasma of the blood. 
After twenty-four hours they could be detected in almost every 
organ of the body. In the liver they were most abundant, but, 
almost without exception, only in the interior of white blood-cor- 
puscles. In the lungs they were often so numerous as to obstruct 
completely some of the capillary vessels ; when less abundant they 
were in the interior of white blood- corpuscles which were aggre- 
gated in groups. In the spleen and lymphatic glands they were 
not numerous, but in the kidneys they were again more abundant, 
especially in the glomeruli, and also in some of the loops of the 
tubuli uriniferi. Later, they disappeared from all the organs with 
the exception of the kidneys. In all probability they are not 
destroyed in the organism, as they thrive in the lungs very well, as 
has been shown by injections into the trachea, but they are con- 
veyed along the bloodvessels to some excretory organ. In the 
kidney localization takes place for several reasons. Embolic 
obstruction is the most important factor. The anatomical structure 
of the bloodvessels of the glomeruli explains their arrest in this 
part of the kidney, as in the lungs and liver, on account of a more 
free anastomosis of the bloodvessels, the cocci are more easily dis- 
lodged. In the kidney, the growth of the embolic masses in the 
vessels of the glomeruli can be easily followed through the several 
stages. But the process is limited to a few places, as many of the 
masses are removed by the circulation in the same manner as in the 
liver and lungs. Abscesses in diflFerent parts of the body following 
injections of pus-microbes into the circulation are produced by 
embolism. Suppuration is very likely to take place in the connec- 
tive tissue, as here the circulation is comparatively slow and conse- 
quently the removal of cocci attended with diificulties. The 
microorganisms of osteomyelitis are eliminated through the kidney 
the same as the microbes of other infective diseases, and conse- 
quently localization is very likely to take place in this organ. Six 
hours after injection large colonies of cocci could be seen in the 
straight and convoluted tubules. Finally, it is well known that in 
the living body localization of microbes- takes place in the tissues 
which are the seat of a trauma, and the influence of this exciting 
cause has been abundantly demonstrated by different experimenters 
who have produced acute osteomyelitis in animals infected with pus- 
microbes, by producing fracture of a bone or contusion of the medul- 
lary tissue. A number of experiments made, among others by 
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Ribbert, on the productiou of myo- and endo-carditis in rabbits, 
have shown that abscesses can be produced in other organs if the 
pyogenic microbes are attached to foreign bodies which cannot pass 
through the pulmonary filtrum. Thus Ribbert was able to produce 
myocarditis by using a cultivation of staphylococcus pyogenes 
aureus on potato, if he took the precaution in removing the culture 
from the surface of the potato to scrape off also the superficial layer 
of the potato itself The particles of potato in these experiments 
determined suppuration by causing localization of the microbes, as 
the foreign bodies were too large to pass through the capillary 
vessels and were not capable of removal by absorption. 

A subcutaneous fracture occasionally becomes the seat of an acute 
osteomyelitis. 

Steinthal relates two such cases (" Ueber Vereiterung subkutaner 
Frakturen," i)eMtec/ie mcd Wochensohrift, No. 21,188'!). One case 
occurred in a man twenty-eight years of age, who, having fallen 
from a tree, sustained a fracture of the neck of the right femur, 
also of the trochanter major, and a Colles's fracture of the right 
forearm. Suppuration began in the hip-joint together with inflam- 
mation of the knee-joint. In spite of early and free incisions the 
patient died, thrombosis of the left femoral vein, and atrophy with 
nervous disturbances in the right ulnar region being present. Post- 
mortem revealed lobular pneumonia in the left lower lobe. The 
second case was that of a woman thirty-four years old in whom, 
under chloroform narcosis, reduction of a dislocation of the lefi 
hip-joint was attempted. During the manipulation the head of the 
femur was broken off. After twelve days an abscess had formed 
at the seat of fracture, which was incised and drained. The patient 
recovered. Steinthal believes that suppuration in these cases was 
the result of localization of pus- microbes in the tissues necrosed by 
the injury. 

During my recent visit in Ziirich (Four Months Among the Sur- 
geons of Europe, p. 128, Chicago, 1887) I saw a very interesting 
case of this kind in Kronlein's wards. In this instance infection 
probably took place through suppurating wounds distant from the 
fractures. The patient was a young man who had sustained several 
subcutaneous fractures from a fall, and at the same time a lacerated 
wound of the groin. The case progressed favorably until the 
wound commenced to suppurate, when he was suddenly attacked 
by osteomyelitis of the fractured bones, which necessitated numer- 
ous incisions for the liberation of pus at the points of fracture. 
There can be no question that, in this case, the pus-microbes entered 
the circulation at the primary site of suppuration and were arrested 
at the places of fracture, where they found favorable conditions for 
multiplication and caused a suppurative inflammation in the medul- 
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lary tissue. Practically this case should teach us that in a patient 
■who has sustained a simple fracture it is exceedingly important to 
guard against suppuration in any part of the body, for fear that 
from a distant purulent focus pus-microbes may enter the circula- 
tion and cause a suppurative osteomyelitis of the broken bone, in 
the same manner as lias been done by experiments on animals. At 
the same tiuie and place I examined a case of suppurative strumitis 
due to a similar cause. The patient was a man of about forty years 
of age, who had been operated upon for empyema by rib resection 
some time ago. He had had a large goitre since childhood. Im- 
provement after the operation progressed uninterruptedly until the 
empyema was nearly well, when fever set in and the right side ot 
the struma became painful and tender. After a week fluctuation 
was well marked, and a free incision was made, which gave exit to 
a large quantity of fetid pus. The fever subsided promptly, and 
the case again progressed favorably until, a week or two later, the 
opposite side of the struma was attacked in a similar manner. I 
was present when this side was incised. A large amount of the 
same green, fetid pus escaped. The strumitis was imquestionably 
of embolic origin, the pus-microbes which gained entrance into the 
circulation from the pleural cavity found in the struma conditions 
which favored their localization and growth, to be followed by a 
suppurative inflammation of the swelling. 

Lebert observed secondary or metastatic strumitis develop six 
times in connection with typhus, once with puerperal fever, three 
times after pneumonia, and once after bronchitis. Kocher (" Zur 
Pathologic uud Therapie des Kropfes," Deutsche Zeitsohriftf. Ohirur- 
gie, B. X.) met with it in cases of typhus, septic endometritis, and 
after attacks of acute gastro intestinal catarrh. He calls special 
attention to the fact that the strumitis almost without exception 
occurred toward the close or after the subsidence of the primary 
disease. Kocher believes that degenerative changes or injuries of 
the struma serve as predisposing causes for the arrest of pathogenic 
microbes which reach the organ through the bloodvessels. 

LocaMzation of Microbes in Antecedent Pathological Products. 

Antecedent pathological products may serve the same purpose in 
the body as a trauma in the determinatiou of localization of patho- 
genic microbes. Suppuration in a tumor, or a hyperplastic gland 
with an intact cutaneous covering, indicates that in the tumor or 
swelling pus microbes have been arrested, and that they have met 
with a soil adapted to their multiplication and the exercise of their 
pathogenic properties. The atypical vascularization in tumors and 
the stenosis of the lumen of bloodvessels in inflammatory swellings 
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cannot fail in furnishing conditions which determine filtration of 
germ-containing blood. If the antecedent pathological product is 
the result of a previous infection and serves as a medium for 
localization of another kind of pathogenic germs, we speak of the 
combined process due to the presence of two varieties of micro- 
organisms as a mixed infection. The first positive proof of the 
existence of such secondary processes was furnished by Brieger and 
Ehrlich. ("Ueber das Auftreten des malignen Oedems bei Typhus 
abdominalis," Berl. Min. Woohensohrift, 1882, No. 44.) These 
observers saw a malignant oedema develop at the point where musk 
was injected hypodermatically in a severe case of typhoid fever. 
They found that in such cases a predisposition is produced by an 
existing disease to the growth aud multiplication of microorgan- 
isms which may have been previously present in the organism 
without producing any pathological lesions. Koch, in his article 
on "Etiology of Tuberculosis," alludes to the occurrence of mixed 
infections, as he has seen at the same time bacilli and micrococci 
jjresent in tubercular products Further, he has observed the 
bacillus of anthrax side by side in the same tissues and has seen 
micrococci in the tissues of patients suffering from typhus fever. 
In reference to the occurrence of micrococci in tubercular deposits 
in the lungs and spleen, he explained their presence by assuming 
that they entered the circulation through ulcerations of the tongue, 
and that they became arrested in the capillary vessels which had 
lost their normal resisting power by the tubercular process. 

Samter (" Mischinfection von Tuberkelbacillen u. Pneumonie- 
kokkeu," Berl. Min. Wbchenschrift, 1884, No. 25) discovered in the 
pneumonic sputa of a man sixty-five years of age, who previously 
had suffered from a latent bronchial catarrh, besides cocci of pneu- 
monia numerous bacilli of tuberculosis. The necropsy revealed 
old tubercular deposits in the right, and more recent deposits in 
the left lung, and around the latter pneumonic consolidation of the 
parenchyma of the lung. He believed that the pneumonic foci 
furnished a favorable soil for the localization and growth of the 
bacillus, of tuberculosis. Heubuer and Bahrdt ("Zur Kenntniss 
der Gelenkeiterung bei Scharlach," Berl. Min. Wochenschrift, 1884, 
No. 44) have described the post-mortem appearances of a boy 
fourteen years of age who had suffered from multiple suppurative 
synovitis after an attack of scarlatina. The metastatic suppura- 
tive process could be traced directly to a circumscribed purulent 
inflammation of the right tonsil which implicated an adjacent vein, 
which became the seat of a purulent thrombo-phlebitis, and the 
point of distribution of infective emboli ; chain cocci were found 
in the pus of the joints and even in the patient's blood. 

Frankel and Freudenberg ("Ueber Infection bei Scharlach," 
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Centralblatt f. klinisohe Mediein, 1885) cultivated from the internal 
organs of three patients who had died of scarlatina the streptococ- 
cus pyogenes and looked upon the presence of this microbe as an 
evidence that a secondary infection had taken place through the 
diseased mucous membrane of the pharynx. The important ques- 
tion presents itself whether, in cases of mixed infection, the two 
kinds of microbes enter the organism at the same time, or whether 
the primary infection prepares the way for the entrance of the 
niicrobes_ which produce the secondary infection. A third possi- 
bility_ might be maintained, according to which the secondary 
infection is a purely accidental occurrence, as was claimed by 
Brieger and Ehrlich. Pus-microbes being present at all times and 
everywhere, and perhaps gaining entrance into the body more 
easily than others, it is easy to understand why secondary infection 
by them is most frequently observed. 

Eosenbach frequently found in the products of suppurative in- 
flammation and septic processes more than one variety of pus- 
microbes. He frequently met with both kinds of staphylococci in 
the same pus, or with one form of staphylococcus and the strepto- 
coccus pyogenes. 

Loffler (" Untersuchungen iiber die Bedeutung der Mikroorgan- 
ismen fiir die Entstehung der Diphtheric," Mittheilungen aus dem 
SdcJis-Gesundheits-Amte, 1884, Band ii.) cultivated from the mem- 
branes of a case of scarlatina-diphtheria cocci which, when in- 
jected into the circulation of animals, produced multiple suppura- 
tive synovitis. 

Huber (" Experimentelle Untersuchungen iiber Localisation von 
Krankheitstoffen," Virchow's Archiv, Band cvi.) attributes the 
occurrence of suppuration and gangrene in croupous pneumonia, 
phlegmonous inflammation and suppuration in erysipelas, and sup- 
puration in tubercular processes, to secondary infection, iu most 
instances with pus-microbes. Schnitzler (" Combination von 
Syphilis und Tuberculose des Kehlkopfes "), after having observed 
and carefully studied a number of cases, has come to the conclu- 
sion that syphilitic ulceration of the larynx may pass into tuber- 
cular, as the syphilitic ulcer furnishes a good culture-soil for the 
bacillus of tuberculosis. 

Bumm (ie Bulletin Medical, December 25, 1887), in a commu- 
nication to the Medical Society of Munich, discusses a theory under 
the name of mixed infection, which he describes as the penetration 
into the organism of several species of bacteria. In some the sec- 
ondary infection is purely accidental, as for example, a tuberculous 
patient can be attacked with erysipelas, a lying-in woman suffering 
from gonorrhcBa may become the subject of septic infection. 
Another and practically more important variety of mixed infec- 

4 
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tion he speaks of, where a more direct relation exists between the 
different microbes, in the sense that the one precedes the other and 
prepares the soil for the growth, of the latter. These forms are 
characterized by being constantly associated with certain definite 
microbes. The pneumococcus may prepare the soil for fructifica- 
tion of the bacillus of tuberculosis or the microbes of suppuration 
in individuals that otherwise would have been immune to the 
action of these germs. The gonococcus can also modify the 
mucous membrane of the genito-urinary tract, chiefly in women, in 
such manner as to render easy the invasion of other pathogenic 
microbes. Gonorrhoeal infection of the vulvo-vaginal glands fur- 
nishes a good illustration : as long as the infection remains purely 
gonorrhceal the acute purulent stage is succeeded by a chronic 
stage which may last for some months, the swelling gradually sub- 
sides and subsequently atrophy and sclerosis of the gland follow. 
If, however, a purulent infection is added to the gonorrhceal the 
gland soon becomes enlarged and tender, and suppuration follows. 
In the abscess and its vicinity no gonococci can be found ; the pus 
only contains the pyogenic staphylococcus which has exterminated 
the gonococcus. Cystitis which accompanies gonorrhoea is, again, 
a variety of mixed infection. The sti-atified epithelium of the 
bladder is impenetrable to the gonococcus. According to Bumm, 
the cystitis is due to another species of microbe resembling the 
gonococcus, but differing from it by taking a different staining. 
The gonococcus expends its action in the superficial layers of the 
mucous membrane exclusively. Suppurative parametritis following 
gonorrhoea is analogous to a gonorrhcBic bubo, which is always 
caused by a secondary infection with pus-microbes. 

A valuable contribution to our knowledge of mixed iufectiou has 
recently been made by Babes {Baeteriologische Untersuchungen 
uber septisehe Processe des Eindesalters, Leipzig, 1889), of Bucha- 
rest. His investigations consist of a series of bacteriological studies 
of the dead bodies of children. Within a few hours after death 
tissue was taken from different organs, with which sterilized culture 
material was inoculated, the strictest antiseptic precautions being 
exercised throughout. In acute infectious diseases, such as diph- 
theria and scarlatina, he found the spleen, kidneys, liver, lungs, 
and blood infected with numerous colonies of streptococci, putre- 
factive bacteria, capsule cocci, more rarely staphylococci and 
various bacilli. Of special interest are his researches on the 
manner of localization and extension of the secondary infection 
after different primary diseases. In eight cadavers he found one 
or more species of bacteria in the internal organs. In a case of 
septic omphalitis he found the bacillus of green pus. In six cases 
of different kinds the pus streptococcus grew upon the culture 



LOCALIZATION OF MICRO-ORGANISMS. 51 

substances, and only in one was the yellow staphylococcus found, 
and in five cases various putrefactive bacilli were cultivated. In 
some instances he was able to demonstrate the point at which the 
different secondary invasions had taken place. Thus in a case of 
sepsis after scarlatina in which streptococci were found in every 
part of the body, a pure streptococcus pneumonise was found in the 
lower part of the left lung, while a number of foci in the upper 
part of the right lung contained only bacilli. 

Einne ( Verhandlungen JDeutscher Naturforseher und Aerzte, in 
Wiesbaden, 1887) made some experiments which convinced him 
that a trauma which results in an ordinary inflammation does not 
furnish a locus minoris resistentice for the localization of pathogenic 
germs, as has been described above. He claims that the living 
body possesses the capacity to eliminate large numbers of living 
pus-microbes when these are in tissues where they are not ex- 
posed to direct contact with oxygen. He has found that cocci 
do not collect at points the seat of subcutaneous injury, and that 
they do not migrate into sterile abscesses from distant parts, and 
not even after intravenous or intraperitoneal injection. Even an 
injection of a pure culture of pus-microbes into a part injured 
subcutaneously, or into young or mature cicatricial tissue around 
encapsulated foreign substances, produced no suppuration. From 
these experiments he was led to believe that tissue lesions which 
produce an inflammatory reaction do not predispose to metastatic 
suppuration. On the other hand, it was also demonstrated ex- 
perimentally that tissue lesions become a loous minoris resistentice 
after tlie tissues have become permeated by the chemical products 
of the microorganisms. The loeus minoris resistentice for the pus- 
microbes is a tissue which, by chemical or by chemical and 
mechanical lesions, has lost its normal resistance to the microbes, 
which is not the case if a trauma is followed by an active repara- 
tive process. 

The same author (" Der Eiterungs-process und seine Metastasen," 
Archiv f. klin. Chirurgie, Band xxxix. Heft 2) has recently made 
numerous experiments on rats, rabbits, guinea-pigs, and dogs, to 
show that subcutaneous mechanical lesions never suppurate, even 
after inoculation with larger doses of pure cultures of pus-microbes. 
The subcutaneous lesions were made with a tenotome under strict 
antiseptic precautious and the puncture sealed with collodium. 
The cultures, usually diluted with sterilized water, were injected 
either subcutaneonsly into the peritoneal cavity, directly into the 
circulation, or into the injured tissues, but metastatic suppuration 
was never produced. Circumscribed suppuration was produced 
around woollen threads impregnated with a pure culture and intro- 
duced into the tissues. He believes that in these cases the pus- 
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microbes iu the meshes of the threads produced ptomaiaes, which 
chemically injured the tissues before they could be removed by the 

When chemical abscesses were produced by the injection of croton 
oil, nitrate of silver, ammonia or cadaveriu, and the animal was inocu- 
lated with pus-microbes in another part of the body, the chemical 
pus was always found sterile. The same was observed if a phleg- 
monous inflammation was first produced and one of the chemical 
irritants was injected later in some distant part of the body. 

When a chemical substance which produces pus is injected with 
pus-microbes into the tissues, the former prepares the soil for the 
latter, but does not determine localization of microbes introduced 
into the circulation. The cause of this is probably the active cell- 
proliferation produced by the chemical substance. 

Aschofl" ( TJeber die JEinwirhung des Staphylococcus pyogenes aureus 
auf Entzundetes Gewehe; Dissertation, Bonn, 1889) found that the 
action of pathogenic microbes upon tissues in a state of active cell- 
proliferation induced by chemical irritants is intensified. A pure 
culture of the yellow coccus wa? injected into inflammatory swell- 
ings, caused by the subcutaneous use of tincture of iodine. The 
necrosis and exudation were much more marked than when the 
same injection was made into healthy tissues, while the regenera- 
tive processes were also correspondingly retarded and the microbes 
manifested greater activity and power of resistance. 

Orloff (" Materialien zur Frage iiber die Eintrittswege der 
Mikroben in den Thierischen Organismus," Centralblatt f. Bac- 
teriologie u. Parasitenkunde, B. iii. No. 15) made many interesting 
experiments to ascertain if pathogenic microorganisms can enter 
the body through healthy intact, as well as through irritated 
diseased mucous membranes. He injected a pure culture of the 
staphylococcus pyogenes aureus into the trachea, duodenum, and 
ileum of animals, or administered the same culture by feeding. 
The experiments were made on rabbits and guinea-pigs. In some 
of the animals the bronchial mucous membrane was altered by 
application of croton oil, solution of nitrate of silver, and in two 
instances by injuring it mechanically with a catheter through a 
laryngotomy wound before the culture was injected. The same 
conditions were produced in the stomach and intestines by similar 
means prior to the administration of the culture. In 12 experi- 
ments the staphylococcus produced no symptoms when introduced 
into the healthy stomach, although a pure culture was fed for from 
1 to 14 days. In the post-mortems made 12 to 72 hours after the 
feeding of the microbes, all the internal organs were found sterile, 
and only the lower portion of the colon contained staphylococcus 
colonies. All examinations of the blood during life yielded neo-a- 
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tive results. In 7 experiments in which the stomach was irritated 
by chemicals before the feeding of the culture was commenced, 6 
animals remained well, and in the one that died the microbes had 
not passed beyond the prima via, as the blood and internal organs 
were found sterile. Of 12 animals in which the pure culture was 
injected into the healthy bronchial tubes, 9 were killed one-half of 
an hour to 11 days after the injection, and 3 died. In the animals 
which were killed no trace of microorganisms could be found in 
the blood, they had not passed beyond the lung tissue. In the 3 
fatal cases the animals died 17, 25, and 70 hours after the injec- 
tion, and the microbes could be found in nearly all of the internal 
organs and the blood. In the 2 cases in which the trachea had 
been altered by traumatic irritation, the animals were killed 24 and 
25 hours after inoculation, and on examination it was seen that the 
infection had remained local. In 6 experiments in which the bron- 
chial tubes were irritated with a solution of nitrate of silver 6 
hours before inoculation, the animals died 20, 24, 40, and 48 hours 
after the injection, having before death shown evidences of serious 
pulmonary trouble. The post-mortem showed in all of them pul- 
monary oedema and pleuritis, but staphylococci were found in only 
2 of them in the effusion. In 6 animals fed on the culture, in 4 
on a healthy stomach and in 2 after an artificial gastro-intestinal 
catarrh had been produced, he made a subcutaneous fracture, and 
suppuration followed at the seat of the fracture. He believes that 
in all cases in which the microbes entered the circulation the en- 
trance was effected through some perhaps inappreciable lesion. 

Gussenbauer {Deutsche Ohirurgie von BUlroih u. Lueoke, Lief. 4, 
p. 126) describes one of those cases which are not of infrequent 
occurrence where recovery after an attack of suppurative lymphan- 
gitis was followed by a phlegmonous inflammation in the axilla. 
The patient was twenty-five years old, in good health otherwise, 
when he contracted after a slight injury of the hand a lymphangitis 
and lymphadenitis of the arm and axilla attended by circumscribed 
gangrene of the skin and flexor tendons. The lymphatic glands 
did not suppurate but remained slightly enlarged. Suppuration 
continued for eight weeks when recovery was complete and the man 
remained in good health for eight months. At this time he suffered 
from an acute abscess in the axilla of the same side which could 
have been only caused by the pus-microbes which had remained in 
the enlarged lymphatic glands since the first attack. Smirnoff has 
recently published an interesting dissertation (St. Petersburg, 
1889), in which he describes his examinations of synovial fluid 
removed from joints. He has found that not infrequently in the 
course of an infectious disorder the pathogenic microbes may be 
detected in the synovia. He examined 51 cases including erysipelas, 
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pneumonia, abscess, phthisis, typhoid fever, diphtheria, and gonor- 
rhoea, while in some the result was negative, in others not only was 
the specific microbe present, but other microorganisms were also 
detected, showing that secondary infection had occurred. In some 
he found the gonococcus or pneumococcus with the staphylococcus or 
streptococcus. Transportation of the microbes, from the primary 
focus to the joints, occurred either by way of the bloodvessels or 
lymphatics. The frequency of articular infection seems to be 
governed by the size and form of the bacteria. The small round 
or oval cocci, such as the pneumococcus, gonococcus, and pus- 
microbes, obtain more ready entrance than the bacilli. 

In many instances of recurring suppuration years after the 
primary injury or disease, we have reason to believe that the 
microbes were introduced with a foreign body, or became encapsu- 
lated in the granulation tissue during the healing process, and 
remained there in a latent condition until by some accidental cause 
the surrounding tissues had undergone changes favorable for their 
growth. I have seen numerous cases of secondary osteomyelitis 
ten to twenty-five years after the primary attack, which occurred 
in the sclerosed bone, usually near one of the epiphyseal extremities. 
In all of these cases the disease was deeply located, the primary 
starting-point being in the same locality as in the first attack. A 
patient who has once suffered from osteomyelitis during childhood, 
is always prone to suffer from recurring attacks, and the disease, 
without exception, selects the old site. The difficulties which deep 
cavities in bone present to the final process of definitive healing, 
offer an explanation why microbes are more liable to become buried 
and permanently retained, than in suppuration in soft parts. 

Nepveu (Revue de Chirurgie, 1885, p. 353) reported two cases 
of gunshot injury of the extremities in which, fourteen years after 
the definitive healing, suppuration occurred at the former site of 
injury. 

Numerous instances are on record in which foreign bodies have 
remained in the tissues encapsulated for an indefinite period of 
time without giving rise to any symptoms until the microorganisms 
which were introduced with them exercised their pathogenic qualities, 
because the surrounding tissues had undergone changes favorable 
to such a process. A very interesting case of this kind is reported 
by Einne (" Der Eiterungs-process und seine Metastasen," Archiv. 
f. klin. Chirurgie, Band xxxix. p. 70). In 1871, a man, thirty- 
four years of age received a gunshot wound through the left shoulder- 
joint. Langenbeck made primary resection of the joint, and the 
wound suppurated for a number of weeks profusely but healed 
completely at the end of three months. The patient remained in 
perfect health for eleven years, when he was suddenly taken with 
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symptoms of acute osteomyelitis. When admitted jiuto Friedrich- 
shain Hospital a few days later a free incision were made over the 
resected end of the 'humerus and a large quantity of fetid pus 
escaped. Free drainage and disinfection had no effect in diminish- 
ing the severity of the general symptoms. Through another 
incision, made a few days later, small particles of clothing were 
removed. As the symptoms became more and more threatening 
amputation was made through the shoulder-joint four weeks after 
the commencement of the attack. Patient died a few days later 
after well-marked symptoms of pyaemia had manifested themselves 
for several days. 

The examination of the amputated arm showed old foci of in- 
spissated pus in the medullary cavity of the humerus, which leaves 
no doubt that the second attack of osteomyelitis was caused by 
microbes which had remained in a latent condition for eleven 
years. 

Gussenbauer (Deutsche Chirurgie von Billroth u. Lueoke, Lief. 4, 
8. 125) relates two such cases. In one a bullet perforated through 
the scapula from behind and lodged in the deep tissues. The 
shoulder-joint suppurated and had to be resected. The bullet could 
not be found. The wound finally healed and the patient remained 
well for twenty-three years, when suppuration occurred at the site 
of operation ; fragments of cloth were removed through an incision 
and the man recovered. 

At a recent meeting of the French Congress of Surgeons, Socin 
reported a case that had come under his observation, in which a 
bullet remained in the tissues, perfectly encapsulated, for sixty 
years, when finally the pus-microbes which entered the organism 
with it, and had remained all this time in a latent condition, caused 
the formation of an abscess. 



CHAPTEK V. 

ELIMINATION OF PATHOGENIC MICROOEGANSIMS. 

The probable existence of pathogenic microbes iu the healthy 
body, and the spontaneous subsidence of many infective processes, 
make it important to consider the ways and means by which patho- 
genic microorganisms are rendered harmless in the living body, or 
are removed by elimination through some of the secretory organs. 
It is not at all improbable that the localization which bacteria effect 
may come to play an important part in the study of micro-parasitic 
pathology. Whatever be the explanation, there is no doubt that 
the microorganisms hitherto found have various relations with the 
tissues. 

In all infective processes in which life is not destroyed, and the 
products of inflammation do not find their way to the surface 
spontaneously or by treatment, the microbes are removed with the 
excretions as dead foreign bodies, or are eliminated through some 
of the excretory organs in an active state. 

1. Phagocytosis. 

Metschnikoff introduced the term " phagocytosis" to designate 
the destruction of microbes within the organism by leucocytes and 
the fixed tissue-cells. 

Wyssokowitsch (" Ueber die Schicksale der ins Blut injicirten 
Microorganismen im Korper der Warmbluter," Zeitschrift f. 
Hygiene, Band i. S. 1-45) has studied experimentally the destiny 
of microorganisms injected into the blood of warm-blooded animals, 
and found that they were not eliminated. He demonstrated by 
microscopical examination of the blood and by cultivation experi- 
ments, that the microbes disappear entirely from the blood or 
diminish greatly in number soon after intravenous injection. The 
saprophytes disappear soonest. The toxic bacteria are slowest in 
disappearing and seldom leave the blood entirely. After a brief 
period, when their number is at a minimum, they again reappear 
in the blood and multiply with great rapidity until they kill the 
animal. Examination of the urine during life and soon after 
death showed that elimination of bacteria through the kidneys did 
not take place ; that, on the other hand, the urine contained bac- 
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teria in cases in which extravasation of blood into the parenchyma 
of the kidneys had taken place. During the first few hours after 
intravenous injection, and before any organic changes had taken 
place in the kidneys, the urine contained no bacteria. It was also 
shown that no elimination took place through the intestinal canal, 
except in cases in which the mucous membrane was the seat of 
hemorrhagic extravasations, or other serious local lesions. In two 
animals infected during lactation, the milk was sterile, showing 
that no elimination took place through the mammary gland. 
Microscopical examination revealed an increase of white blood- 
corpuscles. Inclusion and death of bacteria in blood-corpuscles 
were not observed. The bacteria injected into the circulation soon 
became deposited in certain organs, notably the spleen, liver, and 
medullary tissue of bone, and consequently separated from the cir- 
culating blood. ]S"on-pathogenic microbes disappear entirely and 
permanently from the blood soon after injection. The spores 
retain their vitality in the organism for an unusually long time ; 
for instance, active spores of ordinary mould for 7 days, and the 
spores of the bacillus subtilis for 62 to 78 days. 

Ribbert {Ber Untergang pathogener Schimmelpilze im Korper, 
Bonn, 1887) has also made extensive investigations concerning 
the fate of pathogenic microbes in the organism when introduced 
by intravenous injection. In rabbits he injected into the circulation 
such small doses of a pure culture of aspergillus flavescens that the 
animals did not die in consequence of the infection. On examining 
the different organs at variable intervals after the injection it was 
easy to determine in what manner the germs were destroyed or 
eliminated. In the experiments made for the special purpose of 
ascertaining the fate of microbes in the liver, the injection was 
made directly into one of the mesenteric veins. In all other cases 
the injection was made into one of the veins of the external ear. 
In the liver, it was seen that when the microbes reached the capil- 
lary vessels and the terminal branches of the portal vein they were 
surrounded by a dense cluster of leucocytes. As long as they 
remained within these surroundings, their multiplication appeared 
to be retarded. Mitosis was not observed in the liver cells which 
were compressed by the inflammatory exudation, but occasionally 
it occurred in some of the epithelial cells lining adjacent bile-ducts. 
The microbes were seen either disappearing directly in the sur- 
rounding leucocytes, or some of the liver cells were transformed 
into giant cells, into the protoplasm of which they found their 
way, and they were destroyed. The giant cells either undergo 
fatty degeneration and disappear with their contents by absorp- 
tion, or they are again transformed into normal parenchyma cells. 
When larger quantities of the same microbe were injected no such 
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aggregation of Jeucocytes around them occurred in the vessels and 
tissues of the liver, and multiplication at once took place, and 
after mural itnplantation of the microbes had takea place perfo- 
ration of the vessel wall was eifected by means of ray-like pro- 
jections whicii developed from the microbes, and which were seen 
to insinuate themselves between the cells. If the animal survived 
the injection for a few days the rays became narrower and the 
granular detritus of the microbe was removed by giant cells. _ In 
studying the fate of the same microbes in tlie lung, the injections 
were made either into a vein, the trachea, or directly into the 
parenchyma. The microbes surrounded by leucocytes were seen 
not only in the vessels but also in the alveoli. Limitation of the 
infection and the final destruction of the microbes were here also 
accomplished by the leucocytes and giant cells. Injection of 
larger quantities was likewise followed by rapid permeation of the 
vessel wall by the microbes and their early appearance in the 
paravascular tissues. In the kidneys the growth of the microbe 
was more rapid than in the liver and lung, the rays and filiform 
projections formed earlier and developed to an unusual extent. 
The accumulation of leucocytes, on the other hand, was retarded 
and less marked, so that the microbes were only surrounded by 
them after the thread-like projections had formed. The leucocytes 
containing spores were not only found in the interstitial tissue, but 
also in the tubuli uriniferi. The same microbes injected into the 
anterior chamber of the eye produced upon the iris a thin layer of 
fibrin, in which the leucocytes gathered around the microbes in the 
form of minute nodules and the microbes were soon lost in their 
interior. Only a slight increase of growth was observed in this 
locality. The fixed cells of the iris take no part in the formation 
of the nodules, and the work of destruction of the microbes is 
accomplished exclusively by the leucocytes. Culture experiments 
with small particles of organs containing the microbe showed that 
their power to infect is sometimes lost after 24 hours and always 
after 8 to 14 days. The retardation and arrest of germ-growth by 
the leucocytes and giant cells are first effected mechanically, but to 
a greater extent by the abstraction of oxygen. It is also possible 
that the diffusion of the ptomaines of the microbes is also limited 
by the grouping of cells around centres of infection. He does not 
believe that the leucocytes digest the microbes, as was claimed by 
Metschnikoff. Fibrin-production could be detected by Weigert's 
method around the periphery of the nodules. Experiments with 
aspergillus fumigatus yielded the same results. From his own 
work Ribbert has come to the conclusion that retardation of germ- 
growth by leucocytes in infections with schizomycetes is an estab- 
lished fact iu pathology. The retarding influence of the organism 
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to germ-growth differs according to the kind of germs, as the germs 
by the production of noxious substances affect the envelopes of cells, 
and most of the pathogenic microbes assimilate nutritive material 
from adjacent tissues more readily than ordinary mould. 

Microbes which diffuse themselves rapidly and which do not 
form colonies cannot become encapsulated by leucocytes. By count- 
ing the blood-corpuscles, it was found that after injections of small 
doses of aspergillus fluorescens ten times more leucocytes were 
found than in normal blood. Ehrlich's method of staining proved 
that the leucocytes which surrounded the spores as well as the new 
corpuscles in the blood were polynuclear and represented the pye- 
logenous leucocytes. In animals which recovered after infection 
reinoculation was followed by more prompt encapsulation of the 
spores by the leucocytes. 

Fig. 1. 




Leucocytes of frog with anthrax bacilli. (Metschnikoff ) 

Metschnikoff (" Ueber den Kampf der Zellen gegen Erysipel 
Kokken," Virchow's Arohiv, B. 101, p. 209), who was the first to 
describe the struggle of the cells of the organism against invading 
microbes, gives the name of phagocytes to the cells which possess 
the property of absorbing and digesting microbes (Fig. 1). He 
made his researches on the daphnia, which are found invaded by a 
parasite of the higher animals. The spores of this parasite pene- 
trate with the food into the intestine, from which they escape into 
the cavity of the body of the daphnia. As soon as they have done 
so a struggle commences between them and the white corpuscles, 
which, isolated or in groups, absorb the spore and destroy and trans- 
form it into shapeless granules. The daphnia is thus saved. When 
the victory is not accomplished the spores are not arrested and 
destroyed by the leucocytes, and they invade the tissues ot the 
animal and kill it. Metschnikoff affirms that the same struggle 
takes place in the higher vertebrates and in man between the 
microbes and the cell-elements, but in these the process is more 
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complicated, as there are two kinds of phagocytes. The leucocytes 
he calls " microphagi," and to the permanent tissue-cells that are 
capable of absorbing minute solid bodies, and are provided only 
with one large nucleus, such as the connective-tissue cells, epithelial 
cells of the pulmonary alveoli, he applies the term " macrophagi." 
In infectious diseases, in which the phagocytes do not protect the 
system from progressive and rapid infection, death is inevitable. 
In anthrax the microphagi are powerless to absorb the bacteridia. 
The case is different, however, when, instead of a strong virus, an 
attenuated culture is employed. MetschnikofF employed in his 
experiments a watery solution of vesuvin, which does not color 
living microorganisms, but stains dead ones browu. In this way 
he saw most of the rod-shaped microorganisms, encased in the pro- 
toplasm of the microphagi, assume a brown color, whereas the cells 
remained unaffected and in a living state. 

Hess ("Weitere Untersuchungen zur Phagocytenlehre," Vir- 
chow's Archiv, B. ex. p 313) has examined the influence exerted 
by leucocytes in retarding the pathogenic action of the staphylo- 
coccus pyogenes aureus. He injected a minute quantity of a pure 
culture of this microbe into the substance of the cornea in rabbits. 
The eyes were extirpated, hardened, and examined microscopically 
24 hours to 8 days after inoculation. During the first 24 hours the 
cocci multiplied very rapidly at the point of infection ; 86 hours 
after inoculation leucocytes were seen enclosing the infected area, 
and all of them contained microbes. As the suppurative process 
advanced the intra-cellular cocci increased in number. Gradually 
the cocci disappeared in the cells, and after the sixth day often 
none could be found. The free cocci in the tissues formed a very 
narrow zone around the margins of the ulcer, while the microbe- 
carrying leucocytes were found in the tissues at a greater distance. 
In two cases which terminated fatally, an extensive hypopyum 
formed and no phagocytosis had occurred, although many leuco- 
cytes were present. In one experiment on a cat, the ulcer resulting 
from the inoculation was very small, and in this instance phagocy- 
tosis was more marked than in the rabbits. In the destruction of 
the cocci in the ulcer, the cells springing from the conjunctival sac 
played also an important part, and the secretions from the conjunc- 
tiva contained soon after the inoculation many cells with microbes 
in their protoplasm. Warm fomentations at first appeared to favor 
the increase of microbes, but later, by stimulating the action of the 
phagocytes, they retarded it. 

Christmas-Dircking-Holmfeld (" Ueber Immunitat und Phago- 
cytosis," Fortschritte der Medidn, No. 18, 1887) repeated the 
experiments of Metschnikoff, and claimed that in animals immune 
to anthrax, or rendered artificially immune, the bacillus when 
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introduced into the tissues is devoured by the leucocytes. He 
experimented with a very virulent culture aud cultures attenuated 
by age, or by Koch's method of attenuation. These experiments 
were made on mice, rabbits, and young and old rats. He soon 
found out that the results were greatly modified by the degree of 
susceptibility of the animal to the anthrax bacillus. In animals 
very susceptible to the disease, as in mice and rabbits, the inocula- 
tion of a very active culture produced little or no inflammatory 
reaction at the point of inoculation. In animals with a greater 
degree of immunity, as young rats, the injection produced suppura- 
tion at the point of inoculation, which assumed the character of an 
abscess, as the susceptibility was diminished as in old rats. The 
injection of a mitigated culture produced suppuration even in 
rabbits. The intensity of the inflammatory reaction following the 
inoculation with the bacilli of anthrax stood in an inverse ratio to 
the degree of the susceptibility of the infected animal. The bacilli 
were never found in the interior of the pus-corpuscles, and it 
followed as a natural conclusion that death and disintegration 
were effected by the pus serum. That the pus-corpuscles did not 
destroy the bacilli was also proved by another experiment. A 
pure culture of anthrax bacilli was put in hermetically-sealed glass 
tubes containing pus, which when kept at the temperature of the 
body killed the bacilli in from two to three days. Metschnikoff 
asserts that the latter observation does not prove that the pus-cor- 
puscles did not act the part of phagocytes, as under the conditions 
described they might have retained the properties of such. 

Wehr ("Ueber den Untergang des Staphylococcus pyogenes 
aureus in den durch ihn hervor-gerufenen Entziindungs-processen 
in der Lunge," Dissertation, Bonn, 1887) injected pure cultures of 
the staphylococcus pyogenes aureus into the trachea of rabbits and 
favored the descent of microbes into the finer divisions of the bron- 
chial tubes by standing the animals for some time upon the hind 
legs. Soon after the injection he found cocci not only in the inte- 
rior of leucocytes which had grouped around the seat of injection, 
but also in the interior of epithelial cells. He assigns to epithelial 
cells phagocytic action. During the first week after injection he 
found cocci without exception in the epithelial cells. In none of 
his experiments could the microbes be found in the blood or in any 
of the internal organs. 

The doctrine of phagocytosis has recently received a substantial 
support from the researches of Nuttal and Buchner ("Uber die bak- 
terienodtende Wirkung des Zellenfreien Blutserums," Oentraiblattf. 
Baktenologie u. Parasitenkunde, B. v. No. 25). These researches 
show that not only the cellular elements of the blood are antago- 
nistic to pathogenic bacteria, but that the serum possesses a similar 
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destructive power. Their experiments with different microbes 
showed that both defibrinated and freshly-drawn blood manifest a 
decidedly deadly action upon them for more than four hours after 
it has been drawn from the body. For example, the number of 
anthrax bacilli in a given quantity of material was reduced in two 
hours from 4800 to 56, by being mixed in a test-tube with defib- 
rinated blood; and three hours later only 3 living bacilli re- 
mained. The destructive action of the blood on putrefactive bac- 
teria is, however, much less marked, and against some of them, at 
least, the blood manifested little or no germicidal action. 

Eibbert ("Ueber den Verlauf derdurch Staphylococcus aureus in 
der Haut von Kauinchen hervorgerufenen Entziindung," Deutsche 
Woohenschrift, No. 6, 1889) studied experimentally the phago- 
cytic action of leucocytes in the tissues infected with pus-microbes. 
He made the skin of rabbits over a limited area aseptic, and made 
inoculations with pus-microbes by introducing a pure culture of 
the yellow coccus through punctures made with a cataract-needle. 
In cases where the small wound healed rapidly he found on exam- 
ining the tissues that even during the course of the first day all 
of the microbes had reached the interior of the leucocytes and 
fixed connective-tissue cells and showed signs of destructive 
changes. Later the cocci disappeared completely. Thirty-six 
hours after inoculation he found distinct mitotic changes in the 
connective-tissue cells within and in the immediate vicinity of the 
inflammatory focus and somewhat earlier in the epithelial cells. 
If suppuration occurred he found a considerable aggregation of 
leucocytes, which apparently were being destroyed by the cocci, 
consequently phagocytosis was not present ; on the other hand, the 
cocci underwent destructive changes to the fourth day, and were 
then taken up by the macrophagi. The death of the cocci under 
these circumstances was not caused by the phagocytes but was 
owing to the exclusion of oxygen or other nutrient material by the 
wall of cells in their vicinity. 

Euffer (" Notes on the Destruction of Microorganisms by Amoe- 
boid Cells," British Medical Journal, August 30, 1890) is a firm 
believer in the phagocytic action of leucocytes and other amoeboid 
cells. He jfirst studied sections of the Peyer's patches of rabbits, 
removed with antiseptic pi-ecautions, plunged at once into absolute 
alcohol, and then stained with carmine and gentian-violet. He 
often found, crowded in between the layer of epithelial cells in 
the inner surface of the mucous membrane, leucocytes holding 
microorganisms in their protoplasm. In the submucous tissue he 
also found lymphoid cells enlarged to the size of the so-called 
epithelioid cells. He also found leucocytes in the interior of the 
macrophagi. He asserts that the leucocytes wander out to the 
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surface of the mucous membrane, seize the microorganisms, and 
bring them back to be destroyed by the large phagocytes. Even 
the large cells in some lymphoid structures may wander to the 
surface and absorb and destroy microbes. He is of the opinion 
that the action of the microorganisms taking place in the normal 
lymphoid tissues of the alimentary tract resembles, in all particulars, 
the destructive process following on the inoculation of pathogenic 
organisms into resistant animals. 

The author asserts, from further experiments, that the large 
epithelioid cells of the spleen, lymphatic glands, and those of the 
lungs, are really macrophagi developed from the lymphoid cells. 

Lubarsch (" Ueber Abschwachung der Milzbrand-bacillen im 
Froschkorper," Fortschritte der Medioin, No. 4, 1888), in his ex- 
periments on frogs with the anthrax bacillus, infected the animals 
by inserting into the lymph sac portions of the internal organs of 
animals which had died of anthrax. His observations led him to 
the conclusion that the phagocytes in reality do devour the mi- 
crobes, and that disintegration of the intra-cellular microbes is an 
active process on the part of the cells. 

2. Elimination of Microbes through the Kidneys and other Organs. 

The rapidity with which some microbes disappear from the 
blood is very remarkable ; it is in many cases a matter of minutes, 
certainly of an hour or two, and this disappearance from the blood 
must be due to an active process on the part of the constituents of 
the blood on them. Mere unsuitability of soil is not sufficient to 
account for the rapidity of the phenomenon. That they are elimi- 
nated through the kidneys is shown by various observations, and 
this is an important point to remember, as probably explaining 
certain cases of pyelitis occurring in patients who have never had 
any instrument passed, and in whom urethra and bladder are per- 
fectly normal. The salivary glands, more especially the parotid, 
occasionally take part in the excretion of pus-microbes, thus offer- 
ing an explanation of the not infrequent occurrence of abscesses in 
the parotid gland after suppurations elsewhere. 

Eosenstein ("Vorkommen der Tuberkel-Bacillen im Harn," 
Centralblattf. d. med. Wissensoh., 1883, ISTo. 5) and Babes (Fort- 
schritte der Median, B. i. p. 4) found bacilli- in the urme m 
patients suffering from tuberculosis of the genito-unnary tract. 

Fardel (" Les bacilles dans la tuberculose miliaire. Tuberculose 
glomerulaire du rein," Arohiv de Physiologie, 1886) mentioned the 
condition of the kidneys in cases of miliary tuberculosis as an 
evidence that the bacilli are diffused through the bloodvessels. 
He found in a thrombosed capillary vessel in a glomerulus, in 
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which no inflammatory changes had as yet occurred, numerous 
bacilli. They were also found in the epithelial cells of a convo- 
luted capillary vessel. The author was also able to demonstrate 
that the deposits in the kidney occurred around the capillary ves- 
sels in the glomeruli, often including the latter completely. He 
believes that the bacilli migrate from the glomeruli into the sur- 
rounding tissue, when they give rise to miliary nodules. In cases 
of tuberculosis of the kidneys the number and arrangement of the 
bacilli, as they are found in the urine, are characteristic of this 
disease. 

Monpurgo (Schmidt's Jahrbuoher, B. ccxii. p. 128) found in the 
urine of a woman suifering from renal tuberculosis numerous 
bacilli arranged in groups resembling the letter " S," an appear- 
ance which is only observed in pure cultures. Koch described this 
bacteriological condition in a case of miliary tuberculosis. For 
such a culture to form in the genito-uriuary apparatus, it is neces- 
sary that the bacilli should be located in a place where they are 
not washed away by the urine, and where they find favorable soil 
for their growth, conditions which are only furnished in the 
kidney. 

Neumann ("Ueber die diagnostische Bedeutung der Bakterio- 
logischen Untersuchungen bei inneren Krankheiten, Berl. Min. 
Woohenschrift, Nos. 7, 8, 9, 1888) found the specific microbes in 
the urine in cases of typhus, septicemia, and pyaemia. In a case 
of acute endocarditis and acute osteomyelitis, he cultivated from 
the urine the staphylococcus pyogenes aureus. He believes that 
the microorganisms which circulate in the blood localize in the 
capillary vessels of the kidney, where they often cause minute, 
multiple lesions without implication of the entire parenchyma of 
the organ. Through the altered tissues some of the microbes enter 
the tubuli uririiferi and are eliminated with the urine. 

Seitz found the bacillus of typhus in the urine in 2 out of 7 
cases, Konjajeff in 3 out of 20 cases, and Hueppe only once in 16 
cases, Neumann in 8 out of 48 cases. The last observer ("Ueber 
Typhus Bacillen im Urin," Berl. Min. Woohenschrift, February 10, 
1890) in some instances found them so numerous that under the 
microscope the urine appeared like a fluid culture. In these cases 
the bacillus multiplies in the bladder. In two cases he also found 
the streptococcus pyogenes, an occurrence which he considered as 
an evidence of the existence of complications. 

Philipowicz ("Ueber das Auftreten pathogener Microorgau- 
ismen im Harne," Wiener med. Blatter, 1885, No. 22) found the 
bacillus of tuberculosis not only in three cases of tubercular pyelo- 
nephritis, but also in cases of acute miliary tuberculosis. If the 
organisms were not present in sufficient number for detection by 
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the microscope, their presence in the urine could be proved by the 
injection of the urine into the peritoneal cavity of guinea-pigs. 
Healso found bacilli in the urine in cases of glanders. In mice 
which had died of anthrax, the urine contained the bacilli in large 
numbers. In patients who had succumbed to ulcerative endocar- 
ditis, pus-microbes were also found in the urine. 

Schweiger ("Ueber das Diirchgehen von Bacillen durch die 
Nieren," Virchow's Archiv, B. c. Heft 2) has shown conclusively 
by his careful clinical observations that the urine from scarlatinal 
patients is contagious ; for varicella, typhus recurrens, and malaria 
the same holds true. In typhus Gaffky has found bacilli in the 
vessels of the kidneys. As in most infective diseases the kidneys 
show textural changes, it was natural to conclude that the renal 
lesions were caused by microbes on their way out of the body. 
Schweiger looks upon all kidney lesions found in the course of 
infective diseases as of bacillary origin. To prove that microbes 
pass through the kidneys, he cultivated a bacillus which Reimann 
had discovered in the pus of ozsena. This bacillus is stained an 
intense green color in a culture of gelatin and agar after twenty- 
four hours. The cultures of this green bacillus were suspended in 
a sterilized physiological solution of salt, and injected directly 
into the circulation. The experiments were made on a dog, cat, 
and rabbit. The bacillus did not pass directly through the kid- 
neys, but a certain length of time intervened between the injection 
and its appearance in the urine, as though somewhere an obstacle 
to its free passage had been met with. At first only isolated 
bacilli were found in the urine, but later in large numbers. In 
one instance he extirpated one kidney, and two days later, during 
the first stage of compensatory hypertrophy of the remaining 
organ, he injected a culture directly into the carotid artery. The 
animal died suddenly two and a half hours after the injection in 
an attack of convulsions. Under strict antiseptic precautions the 
urine was removed from the bladder, and with it a culture of agar- 
agar was inoculated. The next day the culture showed a beautiful 
growth of the same bacillus. The author believes that the kidney, 
the seat of increased vascular pressure, furnished a favorable con- 
dition for the rapid passage of the microbe. He found the 
microbes most frequently in the glomeruli, and in the space be- 
tween these and Bowman's capsule ; and again, quite abundant in 
the bloodvessels and in the lumen of the first portion of the coii- 
voluted tubuli uriniferi, and only rarely in the perivascular con- 
nective tissue. Only once a bacillus was found between two epithe- 
lial cells of the convoluted tubules. In the cells themselves no 
bacilli were found. Upon these observations he bases his advice to 
favor elimination of microbes through the kidneys in all infective 
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processes by administering large quantities of water, and even 
diuretics. 

Escherich (" Bacteriologische Untersuchungen iiber Frauen- 
milch," Fortschritte der Medicin, B. iii. p. 231) examined the milJc 
for bacteria in patients suffering from puerperal infection, and, 
without exception, found that it contained the staphylococcus 
pyogenes aureus or albus. After having satisfied himself by the 
examination of twenty-five healthy cases that normal milk con- 
tained no microorganisms, he examined the rhilk of such patients 
whose bodily temperature was increased by puerperal processes, or 
lactation, who, in fact, presented evidences of septic conditions, 
and here he found regularly micrococci present in the milk, prin- 
cipally the staphylococcus aureus and albus. In puerperal women, 
who had fever from other causes, such as pulmonary tuberculosis, 
otitis media, etc., no microorganisms were found in the milk. He 
believes that the microbes are introduced into the milk through 
the blood, which they enter in puerperal septicaemia, through 
wounds or abrasions of the genital tract. 

Bumm (" Zur Aetiologie der puerperalen Mastitis," Arohiv f. 
G-yndkologie, B. xxiv. p. 262) cultivated from a case of puerperal 
mastitis a diplococcus which resembled the gonococcus very much. 
He injected the culture under his own skin, and produced an 
abscess. Karlinski injected a pure culture of staphylococcus pyo- 
genes aureus into a vein of a puerperal rabbit on the third day 
after labor. In twenty-four hours the animal's milk proved to con- 
tain numerous staphylococci. On the fourteenth day the animal 
died of pyaemia. 

Bollinger ("Ueber Tuberkelbacillen im Enter einer tuberku- 
loseu Kuh, und iiber die Virulenz des Secretes einer derartig 
erkrankten Milchdriise." Bayr. Arztl. Intelligenzblatt, 1883, No. 
16) found tubercle bacilli in the parenchyma of the udder, as well 
as in the secretion in the milk ducts in a cow suffering from tuber- 
culosis, which, on being inoculated in guinea-pigs, produced typi- 
cal tuberculosis. 

Hirschberger {Arohiv f. Idin. Medicin, June, 1889) has made 
some very interesting investigations in reference to the presence of 
tubercle bacilli in the milk of tuberculous cows. The material 
was furnished by the abattoir of Munich, and the examinations 
were made iu Bollinger's laboratory. The whole udders of cows 
that were known to be tuberculous were sent to the laboratory, 
where, under the strictest antiseptic precautious, the milk ducts 
were opened and the milk removed was injected into the peritoneal 
cavity of guinea-pigs. Twenty inoculation experiments were 
made iu as many animals, and in eleven, or in fifty-five per cent., 
the result was positive. In most of those cases the disease ap- 
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peared as a diffuse miliary tuberculosis of the peritoueum, omen- 
tum, spleen and liver ; the milk of cows suifering from advanced 
tuberculosis proved the most virulent. 

Ernst (Medical News, Sept. 28, 1889) examined ]14 samples of 
milk obtained from 36 cows suifering with tuberculosis of some 
organ other than the udder; 17 samples were found to contain the 
specific bacillus. These 17 specimens came from 10 cows. 

Inoculation with the infected milk produced the disease in 60 
per cent, of the cases treated. Feeding experiments were also 
made, with the result of inducing the disease in a number of calves 
and young pigs. These experiments furnish positive proof that 
the bacillus of tuberculosis is eliminated through the mammary 
secretion even in cases where the gland is not the seat of any tuber- 
cular lesion. 

Eibbert found, twenty-four hours after injecting osteomyelitic 
cocci directly into the circulation of animals, the microbes in all of 
the internal organs ; later, only in the kidney. Liibbert found the 
staphylococci in osteomyelitis frequently in the urine. Lebedoff 
saw the streptococcus of erysipelas in the skin and umbilical cord 
of a child born eight days after its motlier had recovered from an 
attack of erysipelas. 

Clinical observation as well as experimental research has shown 
that in all localized infective processes the leucocytes act as an 
advance-guard in protecting the tissues against the ingress of the 
microbes by mechanically obstructing the way ; later, the active 
granulation tissue performs the same function. As inclusion of the 
microbe in the cell protoplasm may have a great deal to do with the 
destruction of the microbes, it is correct to speak figuratively of a 
struggle of cells against microbes. When the microbes have 
become disseminated throughout the organism by the circulating 
blood, they are also brought to the excretory organs, through which 
many of them are eliminated without having lost their virulence 
during the passage through the body. 



CHAPTER VI. 

ANTAGONISM AMONG MICE00RGANISM8. 

One of the most recent achievements in bacteriology is the dis- 
covery of the antagonism which exists among certain pathogenic 
microorganisms. That such antagonism exists has been demon- 
strated by cultivation, and inoculation experiments. 

Pawlowsky (Virchow's Archiv, B. cviii.) has furnished strong 
experimental evidence of the antagonism which exists between the 
pneumococcus of Friedlander and the bacillus of anthrax ; as, in 
eight rabbits infected with a fatal dose of anthrax, all of the animals 
were saved by a subsequent injection of a pure culture of the pneu- 
mococcus. The same author also ascertained that the micrococcus 
prodigiosus is also antagonistic to the coccus of erysipelas. Thus, 
ten rabbits were first inoculated with anthrax bacilli, and then cul- 
tivations of the micrococcus prodigiosus were injected subcuta- 
neously into each animal on two occasions, two and twenty-four 
hours after injection ; of these ten animals, eight recovered. He 
also found that subcutaneous injection of anthrax bacilli, and cul- 
tivations of pneumonococci were fatal to rabbits; and that subcu- 
taneous injection of cultivations of anthrax bacilli and staphylo- 
coccus pyogenes aureus was not followed by the death of the 
animal ; four rabbits treated with a culture of the staphylococcus 
aureus recovered ; of seven anthracic rabbits treated by subcuta- 
neous injection of a culture of streptococcus erysipeiatosus, two 
died. 

Emmerich (Fortsohritte der Medioin, B. v. 1887) has also studied 
experimentally the antagonism among pathogenic microbes in the 
living organism. His experiments on rabbits haye shown the 
value of the erysipelas cocci as a protective and curative agent in 
anthrax in these animals. In one series of experiments the rab- 
bits were first inoculated with a large quantity of a reliable culture 
of the streptococcus of erysipelas, and then, two to fourteen days 
later, the animals were again inoculated with a pure culture of the 
bacillus of anthrax. Of fifteen animals treated in this way. seven 
recovered, while all the control animals infected with anthrax, but 
not protected by the microbe of erysipelas, died ; of the seven 
animals which died after inoculation of both microbes, some suc- 
cumbed to the anthrax bacillus, and some to the microbe of ery- 
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sipelas. Therapeutic inoculations with cultures of the streptococ- 
cus erysipelatosus in animals suffering from anthrax were not as 
successful. In later experiments made in the same direction in 
conjunction with Mattel, it was ascertained that wheu the cocci of 
erysipelas were injected both into the circulation and the subcuta- 
neous tissues of rabbits twenty-four hours before the infection with 
anthrax, the bacilli, even when admiuistered in large quantities, 
were destroyed in from twelve to seventeen hours, and could no 
longer be found either at the seat of infection or in the blood and 
internal organs, whether by microscopical examination, or by cul- 
tivation experiments. 

Neumann (" Ueber den Einfluss des Erysipelas auf den Verlauf 
der constitutionellen Syphilis," Allg. Wiener med. Zeitung, 1888, 
No. 4) communicates two observations of his own in which erysipe- 
las exerted a decided beneficial effect on syphilis. 

The first patient was a woman, fifty-six years old, who within 
two and a half mouths passed through three attacks of facial ery- 
sipelas, during which the cutaneous gummata in that part of the 
face affected with erysipelas disappeared completely. The second 
case was a man, twenty-six years old, who contracted a hard chan- 
cre six weeks before he was attacked by facial erysipelas. During 
the acute attack the primary sore improved and the secondary 
symptoms did not appear until seventy-three days after the infec- 
tion, and then in only a mild form, so that the erysipelas had the 
effect of postponing the secondary symptoms. 

The experimental work of Watson Cheyne (London Medical 
Record, 1887) on the antagonistic action of the streptococcus 
erysipelatosus upon the bacillus of anthrax is of the greatest prac- 
tical and scientific importance. He experimented on rabbits ; (a) 
by inoculating them with the microbes of erysipelas, and two to 
fourteen days later with anthrax ; (6) by simultaneous intravenous, 
or subcutaneous inoculation of both ; (c) by inoculating the virus 
of erysipelas, after anthrax had been artificially produced. Of the 
first series of fifteen animals, seven recovered, while all the control 
animals died. Of the second series of sixteen animals, only two 
recovered. In these sets of experiments, by injection of a half 
million of anthrax bacilli, all the control auimals died, whilst all 
those that received intravenous injection of a pure culture of the 
microbes of erysipelas, though they were never ill, recovered. 

Schwimmer ("Ueber den Heilwerth des Erysipels bei verschie- 
denen Krankheitsformen," Wiener med. Presse, 1888, Nos. 14, 15, 
16) has studied with special care the antagonistic properties of the 
streptococcus of erysipelas in different infectious diseases. In 
syphilis, the lesions occurring in the erysipelatous area healed more 
promptly. In a case of obstinate orchitis and epididymitis, on both 
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sides, absorption took place during an attack of facial erysipelas ; 
no material improvement was observed except that in one case an 
ulcer healed more rapidly. The author saw tubercular glands in 
the neck disappear during attacks of erysipelas of the face and neck. 
Bruns {Beitrdge zur hlin. Chirurgie, B. iii. Heft 3) has collected 
twenty-two cases of malignant tumors including one of his own, of 
melano-sarcoma of the breast, in which a final cui'e followed an 
attack of erysipelas. Out of 5 sarcomata, 3 were permanently 
cured, while the other 2 were diminished in size, but soon 
returned to their former size. The effect of the erysipelatous 
invasion proved negative in 6 cases, in which the diagnosis between 
carcinoma and sarcoma could not be positively made, as also in 3 
cases of ulcerative epithelioma. It is stated that in cicatricial 
keloid and lymphomata the attack of erysipelas proved curative. 

Garr^ (" Ueber Antagonisten unter den Backterien," Correspon- 
denzblattf. Schweizeraerzie, B. x.) has studied the antagonisms among 
bacteria on artificial culture-soils. He has made many careful ex- 
periments to determine the growth of a culture of germs on differ- 
ent nutrient media by removal of the entire culture with a minute 
spade, and inoculation of the same soil with another microbe. 
From the results thus far obtained, he has ascertained that some 
microbes affect the soil favorably for the growth of other varieties 
while others render it sterile. For example, a culture-medium' 
impregnated with the ptomaines of the bacillus fluorescens putridus 
remains perfectly sterile when inoculated with pus-microbes. 
These investigations have an important practical bearing, as future 
research may not only show the way to secure immunity from 
infection by pathogenic microbes by prophylactic inoculations with 
harmless microbes, but may likewise establish a system of rational 
treatment by inoculations of cultures of antagonistic bacteria for 
therapeutic purposes. 



CHAPTER VII. 

INFLAMMATION. 

Our ideas of the nature of inflammation have been materially 
changed by the knowledge we have obtained from bacteriological 
investigations which have been made during the last fifteen years. 
Inflammation is no longer viewed as a disease. Many heretofore 
obscure inflammatory lesions are now known to have been caused 
by definite, specific microbes. Modern pathology has established 
the fact that the condition called inflaaimation is a restorative pro- 
cess, which has for its object the repair of injured tissues, or the 
neutralization or removal of the primary raicrobic cause. From a 
scientific and practical standpoint, all inflammatory affections can be 
divided into two classes: 1. Simple, or plastic inflammation. 2. 
Infective, or destructive inflammation. 

1. Simple or Plastic Inflammation. 

A simple, or plastic, inflammation is a regenerative process, 
induced by a trauma, or disease, in which the tissues are in an 
aseptic condition, and the products of tissue-proliferation are trans- 
formed into normal permanent tissue. During the first stage of 
inflammation the tissues are weakened, so that they cannot resist 
in any way the entrance of pathogenic microorganisms, should any 
reach the tissues by. direct contact, or through the circulation. In 
the second stage, the weak tissue has become removed, and its place 
is occupied by vigorous granulation tissues, which possess great 
power in resisting the attack of microbes. In the third stage, the 
granulation tissue is becoming converted into mature active tissue. 
Prolonged vascular engorgement and the.first stage of inflammation 
frequently furnish the conditions which determine transformation 
of a simple into a septic inflammation. This is frequently observed 
in cases of acute intestinal obstruction, in which the vascular 
engorgement and incipient inflammation of the intestinal tunics so 
alter the tissues of the bowel that pathogenic microbes pass from 
the intestinal canal into the peritoneal cavity, where _ they set 
up a septic inflammation. As long as no septic iufection takes 
place the new embryonal cells undergo transformation into tissues 
which correspond to the anatomical seat of the lesion. As no toxic 
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ptomaines are formed in simple inflammation, sepsis and febrile 
disturbances are either absent entirely or, when present in a slight 
degree, are caused by the absorption from the tissues of the products 
of tissue-wear, or the introduction of fibrin ferments derived from 
extravasated blood. It is only a matter of time until the process 
still known as simple inflammation will be no longer considered 
and classified with inflammatory processes, but will be assigned a 
separate place in pathology, as it resembles in every respect the 
physiological processes as we observe them during the growth and 
regeneration of the body. 

2. Infeotive Inflammation. 

The characteristic features of this form of inflammation are, that 
it is caused by the presence of specific microbes, and that the pro- 
ducts of the inflammatory process do not undergo transformation 
into tissue of a higher type. 

Thoma (" Ueber die Entziindung," Berl. Jclin. Wochensehrifi, 
Nos. 6, 7) regards suppuration as a qualitative alteration of inflam- 
mation. He deflnes it as an exudation plus fermentation, in which 
the latter is not essentially caused by microorganisms, as it may also 
be caused by the tissues, as they also are known to possess zymotic 
properties. Caseation is also looked upon as the result of fermen- 
tation, but not in the sense described by Weigert, but more allied 
to digestive and putrefactive processes. 

The new tissue is destroyed either rapidly or slowly, by the 
action of the ptomaines ; the cells undergo retrograde metamorpho- 
sis, and are absorbed after the primary cause has ceased to act, or 
they are so rapidly destroyed that their interstitial removal is no 
longer possible and the product of the inflammation is removed 
spontaneously, or by the intervention of art, or, finally, life is 
destroyed, either by disturbances due to mechanical causes or by 
ptomaine-intoxication. The intensity of the inflammation depends 
as well upon the nature of the microbes as their quantity. The 
microbes of suppuration, gonorrhoea, and erysipelas always cause 
an acute inflammation, while tubercular processes and allied ajeo- 
tions are noted for their chronicity. Glanders and actinomycosis 
are chronic or subacute aifections. In the same organ, the primary 
seat of the inflammatory process will be modified by the kind of 
microbe which has caused the infection. Thus, in suppurative mas- 
titis, the abscesses which are caused by the staphylococci always 
begin in the deeper part of the organ, and spread toward the 
surface, while in infection with streptococci of the same part, the 
inflammation starts from some superficial abrasion and first attacks 
the skin, whence the process extends in a central direction to the 
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deeper portions of the gland, where suppuration takes place 
(Cheyne). This difference depends on the manner of invasion of 
the two microbes. The staphylococci enter the organism through 
the milk ducts, and act from their interior, whereas the streptococci, 
like the streptococcus of erysipelas, enter the tissues through the 
lymphatic vessels, and their pathogenic action is primarily observed 
at the surface. Bumm excised a portion of the wall of a commenc- 
ing abscess of the breast, and was able to demonstrate the presence 
of staphylococci in the interior of the acini, and their penetration 
thence into the interacinous tissue. The phlegmonous inflamma- 
tion of the breast caused by the streptococci takes place along the 
course of the lymphatics, and primarily involves the interacinous 
connective tissue. 

During the first stage of microbic inflammation, the increased 
afflux of blood may be looked upon as an attempt to wash away 
the microbes. The increased velocity of the blood-current is well 
calculated to prevent mural implantation of the microbes, and to 
detach such as have become fastened upon the vessel wall. The 
next attempt on the part of the tissues is to limit infection by the 
production of granulation tissue. The tissues which first come in 
contact with the primary cause of the inflammation are converted 
into embryonal tissue, which forms a wall of protection for the 
surrounding tissues around the primary area of iufection. In acute 
suppuration this granulation tissue is transformed into pus, and the 
process extends until limitation takes place by the primary cause 
becoming less virulent, when the abscess wall, composed of living 
granulation tissue, forms a boundary-line to the suppurative pro- 
cess. In chronic infective processes, as tuberculosis and actinomy- 
cosis, the granulating stage remains for an indefinite period of time, 
and in the former affection, under favorable conditions, retrograde 
degenerative changes are prevented, the embryonal cells are trans- 
formed into connective tissue, and a spontaneous cure is the result. 
During the third stage the microbes have either been removed or, 
at least, their pathogenic properties no longer exist, and a process 
of repair is initiated. It has been shown experimentally that 
microbes enter the organism most rapidly during the first stage of 
inflammation, as studied in tissues the seat of a simple inflamma- 
tion produced by the action of chemical irritants, and subsequently 
infected by the introduction of pathogenic microbes. It has been 
found, as regards pus-microbes, that if they are circulating in the 
blood, the induction of a severe inflammatory action does not lead 
to their localization in the part, while if the inflammation is chronic, 
or the trauma less intense, they become arrested in the inflamma- 
tory depot and set up suppuration. Thus, Einne concluded from 
his experiments on suppuration, quoted elsewhere, that a violent 



74 INFLAMMATION. 

inflammatory action did not produce a lodus minorif: resistentice, but 
that the slightest injury caused by the chemical products of the bac- 
teria themselves sufficiently weakened the part to enable the organ- 
isms to grow in it. Acute osteomyelitis and local tuberculosis 
follow not severe, but, as practical experience has shown, trifling 
injuries. In phthisical patients a severe wound or fracture is not 
followed by local tuberculosis, but slight injuries determine locali- 
zation. Chronic infective inflammations, as tuberculosis, syphilis, 
and actinomycosis, often lay the foundation for acute suppurative 
inflammation, as the foci of granulation tissue determine localiza- 
tion of floating pus-microbes, and the embryonal tissue furnishes 
the most favorable local conditions for their pathogenic action. 
Acute septic peritonitis has been made the subject of careful experi- 
mentation with special reference to its etiology. 

Pawlowsky (Beitrage zur Aetiologie und Entstehungsweise der 
akuten Peritonitis," Centralblatt f. Chirurgie, 1887, No. 48) made 
10 series, with 101 experiments. The chemical irritants, or cul- 
tures, were introduced through the canula of a small trocar under 
strict antiseptic precautions, and the small wound carefully closed 
with iodoform collodium. The first series consisted of experi- 
ments with croton oil on three dogs and nine rabbits. The amount 
of croton oil injected varied from six drops to one-tenth of a 
drop. The smallest doses produced no symptoms. Large doses 
produced a severe, acute hemorrhagic peritonitis, the intensity of 
which was proportionate to the amount of the irritant injected. 
The peritoneal effusion, under the microscope, was seen to contain 
red and white blood -corpuscles. Inoculations of different nutrient 
media with the fluid yielded negative results. In the next series 
of experiments, an aqueous solution of trypsin and pancreatin 
was injected for the purpose of determining whether the diges- 
tive ferments in the event of intestinal perforation could produce 
peritonitis. The experiments established that trypsin acts as a 
powerful irritant upon the peritoneum. Injection of one-half 
gramme of trypsin dissolved in sterilized water caused in rabbits a 
severe hemorrhagic peritonitis, with a copious exudation and death 
in from four to four and one-half hours. In doses of from one- 
fourth to one-tenth of a gramme hemorrhagic peritonitis was also 
produced, but death did not occur until twenty to twenty-four hours 
after the injection. One-twentieth of a gramme produced no symp- 
toms. Nutrient media inoculated with the products of inflamma- 
tion remained sterile. Next, the peritoneal cavity was infected 
with plate cultures of different microbes suspended in sterilized 
water. The first experiments were made with non-pathogenic 
germs. Four rabbits and one dog were injected with large quanti- 
ties of a micrococcus which was obtained from a plate culture 
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inoculated with pns ; tlie micrococcus was exactly similar to the 
staphylococcus albus, for which it was first mistaken ; later, it was 
shown that it was not a pus-microbe, as it did not liquefy gelatin. 
All of the animals recovered. Two rabbits inoculated with an 
entire culture of yellow sarcinse upon agar, mixed with one-tenth of 
a drop of croton oil, also recovered. The experiments with patho- 
genic microbes always produced positive results. Three series, 
with three separate microorganisms, were carried out. The staphy- 
lococcus pyogenes aureus grown from osteomyelitic pus was first 
used. In seventeen out of forty-one experiments, this microbe 
alone was used ; in eleven it was mixed with croton oil, in six with 
trypsin, and in seven with agar-agar. From injections with the 
staphylococcus alone, the following results were obtained : 

1. Large quantities produced fibrinous suppurative peritonitis. 

2. In quantities of two plate cultures, four rabbits succumbed 
to suppurative peritonitis. 

3. Half of this quantity produced the same results. 

4. In yet smaller quantities, still the same result, and peritonitis 
only failed to develop when a very minute quantity of the culture 
was used. 

In all cases in which peritonitis was produced, inoculations of 
the products of inflammation upon nutrient media yielded positive 
results. In hardened specimens of the peritoneum, stained with 
various coloring agents, the microorganisms could be seen in the 
lyrnph spaces. The suppurative nature of the peritonitis thus 
induced became more apparent the longer life was prolonged. An 
entire agar culture of the bacillus pyocyaneus caused death in from 
twenty-four to forty-eight hours. The autopsy revealed a fibrinous 
hemorrhagic peritonitis. The exudation consisted largely of red 
corpuscles and a large number of bacilli. Pure cultures of the 
bacillus could be obtained by inoculating the fluid upon agar-agar. 
One-fifth of this quantity proved harmless. 

a Sjin hardened sections, the bacilli were found in the lymph spaces 
of the central tendon of the diaphragm, the parietal peritoneum, 
visceral peritoneum, and in the capsule of the spleen and liver, also 
in the uriniferous tubules and Malpighian bodies of the kidney. 
The next series of experiments was made to ascertain what caused 
the inflammation in cases of perforative peritonitis. The fresh 
intestinal contents of a healthy animal, just killed, were divided 
into three parts, one of which was at once injected into several 
rabbits without filtration, in doses of one syringeful. The second 
portion was filtered, and of the filtrate two and a half to three a,nd 
a half syringefuls were injected into each rabbit ; the third portion 
was sterilized according to Tyndall's directions for eight days, and 
then one syringeful was injected into each animal. The results 
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were as follows : Four rabbits died of fibrinous suppurative perito- 
nitis from the injection with the first portion. Four rabbits injected 
with the filtered feces, recovered, as did one rabbit inoculated with 
the sterilized portion. At the autopsy, particles of the mtestinal 
contents were found in the peritoneal cavity covered with fibrin, 
and microscopically peculiar, short bacilli. This microbe he called 
bacillus peritonitidus ex-intestinalis cuniculi, and describes the cul- 
tures upon agar-agar plates as shining, grayish-white, oil paint-like 
colonies. It does not liquefy gelatin. The bacillus is non-motile. 
With cultures of this bacillus he made nine experiments on rabbits 
and two on dogs. Each animal, which received an entire agar 
culture, died of hemorrhagic peritonitis in from twenty to twenty- 
four hours. Smaller quantities produced death from the same 
cause in from twenty-four to seventy-two hours. Still smaller 
doses produced a suppurative peritonitis, and death after a number 
of days. Of the two dogs, each injected with an agar culture, one 
died after twenty-four hours of incipient hemorrhagic peritonitis, 
the other recovered after an illness of several days' duration. In 
tl>e fatal cases, the bacilli were found in different internal organs, 
and could again be reproduced by inoculations with the infected 
tissues upon nutrient media. He believes that this bacillus is the 
essential cause of perforative peritonitis. He also asserts that the 
fibrinous form of peritonitis is the least dangerous, as the layers of 
fibrin tend to limit the ingress of microbes into the organism. 
The fibrinous purulent variety is the next formidable form, while 
in the most rapidly fatal cases of septic peritonitis the local lesion 
is not characterized by any macroscopical tissue-changes. 

Alexander Frankel ( Wiener klin. WochenscJirift, 1888, Nos. 30- 
32) testifies to the harmlessness of pure cultures of microbes when 
injected into the peritonea] cavity of rabbits. Fehleisen {Archiv 
f. klin. Chirurgie, B. xxxvi. p. 978) injected pus from abscesses 
containing the staphylococcus pyogenes aureus in doses of from 4 
to 8 c.cm. into the peritoneal cavity of rabbits without producing 
peritonitis in every instance, or even as a rule, although in some 
instances the animals died from injection of a much smaller quan- 
tity. Fehleisen is of the opinion that the number of microbes in 
the pus does not determine its virulence. 

Orth (" Experimentelles iiber Peritonitis," Berl. klin. Wochen- 
sehrift, October 28, 1889) agrees with Grawitz that when a pure 
culture of pus-microbes is injected into a healthy peritoneal cavity 
no suppuration is produced. But his experiments proved what is 
of the greatest practical interest, that if the peritoneum is wounded 
under antiseptic precautions peritonitis is invariably produced, if 
somewhere else in the body suppuration existed at the same time. 
If, for instance, an abscess in the subcutaneous tissue was produced. 
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and then the intestine was temporarily rendered impermeable, the 
animal died without exception of peritonitis. The same result fol- 
lowed if the pus-microbes were injected directly into the circula- 
tion, but not if they were introduced through the alimentary canal. 
_ Laruelle (" Etude bact^riologique sur les peritonites par perfora- 
tion," La Cellule, T. V. Louvain, 1889) produced peritonitis artifi- 
cially in dogs and rabbits, and from his observations came to the 
conclusion that the localization of pus-microbes in the peritoneal 
cavity is greatly favored by the action of chemical substances. 
He believes that peritonitis is not produced by the specific microbe 
described by Pawlowski. He claims that the microorganism dis- 
covered by Pawlowski is the bacillus coli communis. 

Weichselbaum (" Der Diplococcus pneumoniae als Ursaehe der 
primaren, akuten Peritonitis," Centralblatt /. Bakteriologie, B. v. 
No. 2) found in three cases of acute peritonitis the diplococcus of 
pneumonia and no pus-microbes. In one case the peritonitis was 
complicated with pneumonia, in the second case it was followed by 
double pleuritis, and in the third case the disease was doubtless 
primary. 

Wegner (Arohiv f. klin. Chirurgie, 1877) has shown by his ex- 
periments that a great variety of fluids free from septic germs, 
such as water, bile, urine, blood, etc., can be injected into the peri- 
toneal cavity of rabbits without any serious results following. 
Even large quantities of unfiltered air proved innocuous when in- 
troduced in the same manner. Putrescible fluids when injected in 
small quantities were rapidly absorbed without producing perito- 
nitis, but when the quantity injected was large and insufflation of 
air, unfiltered, was practised at the same time, putrefaction and 
death from septic intoxication occurred. 

Grawitz (Virchow's Arehiv, B. cviii.) proved that saprophytic 
bacteria, when injected into a normal peritoneal cavity, were 
promptly destroyed and absorbed. In cases in which the injection 
was made into a peritoneal cavity which had previously undergone 
alterations by injury or disease, or in which the quantity of fluid 
was too great for rapid absorption, symptoms of intoxication, as 
described by Wegner, resulted, but these symptoms were unaccom- 
panied by suppurative peritonitis. A healthy peritoneal cavity 
has also been found capable of disposing of a limited quantity of 
pure cultivations of pus-microbes, the germs being removed by 
absorption and destroyed in the circulation. Bnt when pyogenic 
organisms are introduced into an abdominal cavity, where the 
absorptive powers of the peritoneum have been diminished or sus- 
pended by antecedent pathological conditions, suppurative perito- 
nitis is the usual result. When -pus-microbes are introduced in 
large quantities, even into a healthy peritoneal cavity, the pre- 
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formed ptomaines, by their chemical actions, so alter the tissues 
that the process of absorption is impaired, and suppurative perito- 
nitis again results in consequence. The greatest clinical difference 
between simple peritonitis produced by a trauma or chemical irri- 
tants, aud septic peritonitis, consists in the course and extent of 
the inflammation. Simple inflammation produced by aseptic causes 
remains limited to the seat of the trauma, and does not extend much 
beyond the surface area to which the irritant is applied; while 
septic peritonitis is always characterized by its progressive charac- 
ter, as the cause upon which it depends is multiplied within the 
peritoneal cavity. The same can be said of the two kinds of 
inflammation in any other tissue or part of the body. The santie 
conditions which were found to favor the development of septic 
peritonitis, such as trauma aud the presence of fluids, are equally 
potent in determining localization of microbes in other parts of the 
body, and intensify their pathogenic action by creating conditions 
which prevent their absorption and destruction, and, on the other 
hand, they furnish a nutrient medium in which the microbes find 
a proper soil for their multiplication. 

Rinne (" Der Eiterungs process und seine Metastasen," Archivf. 
Idin. Chirurgie, B. xxxix p. 13) is of the opinion that on account 
of the rapidity with which absorption takes place in the peritoneal 
cavity that the peritoneum, when in a normal condition, is almost 
immune to infection with pus-microbes. He injected from 30 to 35 
c.c. of an aqueous suspension of a pure culture of pus-microbes into 
the peritoneal cavity of healthy animals, and was never able in this 
manner to produce a peritonitis. He had no better success with 
injections of a mixture of a gelatin culture of staphylococcus aureus 
and a turbid culture of the same coccus in bouillon. He also injected 
from day to day a boiled putrid solution to which was added a 
culture of the staphylococcus aureus without any inflammation fol- 
lowing. The experiments, as a rule, were made on dogs, although 
in several instances rabbits, guinea-pigs, and white rats were used. 
He believes that the difference in the results obtained by him and 
Grawitz, as compared with Pawlowski's, consist in the nature of 
the abdominal wound. Pawlowski made an incision down to the 
muscles and then perforated the abdominal wall with a blunt tro- 
car, while he and Grawitz used a sharp, hollow needle for making 
the injection. To prove that his injections entered the peritoneal 
cavity he added coal-dust, which he found in the peritoneal cavity 
in making, subsequently, the autopsy. 



CHAPTEE YIII. 

SUPPUEATION. 

The wonderful results which were obtained by the antiseptic 
treatment of wounds made it exceedingly probable that all wound- 
infective diseases were caused by living microorganisms. The 
probability was increased when Koch, in 1879, showed the direct 
connection existing between certain traumatic infective diseases in 
animals and the never-absent definite microorganisms. It requires 
no longer any alignments to show, at this time, that all wound- 
infective diseases, among them particularly suppuration, are, with- 
out exception, caused by the introduction into the tissues of the 
organism of specific pathogenic microbes. This part of the work 
has been prepared with special reference to the etiology of acute 
suppuration, as chronic suppuration is intimately associated with 
that of surgical tuberculosis and other forms of infective diseases, 
which usually pursue a chronic course, and differs greatly in its 
pathology from the other. 

Etiologically, most of the purulent processes constitute more of 
a unity than was formerly believed, and the clinical varieties are 
mostly determined by the intensity of the infection and by the 
manner of localization. The most conclusive evidence of the 
correctness of this assertion is furnished by the fact that the same 
streptococcus which produces a simple abscess is likewise the moat 
frequent cause of progressive gangrene and of that most grave 
form of suppuration — pyaemia. 

HiSTOEY. — As in the case of nearly all infective diseases, years 
before the specific microorganisms of suppuration were discovered, 
living organisms were found and described in pus, and were believed 
to be the cause of the suppuration. In 1865, Klebs detected in 
the tubuli uriniferi in cases of pyelo-nephritis following suppura- 
tive cystitis, between the pus-cells small, round cocci, which he 
believed produced the infection. In 1872, the same author (Schuss- 
wunden, Leipzig, 1872) published the result of his researches 
during the Franco-Prussian War on septic wound diseases. In 
this work he again referred to the organism which he had previ- 
ously described, and showed that it existed in the tissues and 
organs the seat of suppurative inflammation before pus had formed. 
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He also showed how these organisms enter the circulation and are 
the direct cause of pathological changes in distant organs. Even 
at that time he placed great stress on the fact that, as long as the 
cocci remained only in the tissues at the point of infection they 
caused only local inflammatory conditions or necrosis, but as soon 
as they entered the circulation fever and other symptoms of general 
septic infection followed. 

It was not until 1881 that Ogston (" Report upon Microorgan- 
isms in Surgical Diseases," British Medical Journal, March, 1881, 
p. 369) announced his great discovery, which has since revolution- 
ized the study of acute suppuration. This patient investigator 
examined the pus of 69 abscesses for microorganisms, and found 
in 17 of them a chain coccus (streptococcus), in 31 cocci which 
arranged themselves in groups which resembled a bunch of grapes 
(staphylococcus), and in 16 both of these forms were present. In 
cold abscesses neither of these microorganisms was found. He also 
found that these two forms of microbes differed in their action on 
the tissues, as the streptococcus, following the lymphatic channels, 
was seen to be the cause of diffuse suppurative processes, while the 
staphylococcus was found only in abscesses which were circum- 
scribed. Rosenbach took up the work where Ogston left it, and, 
as the fruit of a number of years of patient study and research, 
published his classical work in 1884 (^Microcrganismen bei den 
Wund-infeotions Kranhheiten des Mensehen, Wiesbaden, 1884). 
This work must serve as a basis for all future research on suppura- 
tive inflammation. Rosenbach availed himself of the advantages 
offered by an improved technique in bacteriological research, and 
cultivated the pus-microbes upon solid nutrient media, and pointed 
out the difference in macroscopical appearances of the cultures of 
the different kinds of pus-microbes which enabled him to differen- 
tiate between them by the naked-eye appearances of the cultures 
upon the nutrient media. He discovered the staphylococcus pyo- 
genes aureus, the micrococcus pyogenes tenuis, and three bacilli 
saprogenes. 

Passet should be mentioned next after Rosenbach, in the long 
list of distinguished men who have made the etiology of suppu- 
ration a special study. Passet ("Ueber Microorganismen der 
eitrigen Zellgewebs-entzundung des Mensehen," Fortschritte der 
Mediein, 1885, Nos. 2, 3) discovered and described the staphylo- 
coccus citreus, cereus albus and flavus, and from a peri-rectal 
abscess he cultivated the bacillus pyogenes foetidus. The strepto- 
coccus which he found, he claimed was different from the one 
described by Rosenbach, as it resembled more closely the strepto- 
coccus of erysipelas. 
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Description of the Different Kinds of Pus-microhes. 

1. Staphylococcus Pyogenes Aureus is the pus-microbe 
most frequeatly present in acute abscesses. Cocci singly, or aggre- 
gated in masses. It grows readily upon gelatin, agar-agar, coagu- 
lated blood-serum, and potato. It possesses the property of 
liquefying gelatin. It grows readily at the ordinary temperature, 
but more rapidly when the temperature is not less than 30° 0. 
(86° F.), and does not exceed that of the normal temperature of 
the body. It peptonizes albumen and coagulates milk. The cul- 
ture grows in the track of the needle and upon the surface of the 
nutrient medium. The culture presents a gold-yellow appearance. 

Liibbert (" Biologische Spaltpilzuntersuchung. Der Staphylo- 
coccus pyogenes aureus und der Osteomyelitis-coccus." Wiirz- 
burg, 1886) has made an extended and thorough study of this 
microbe. It was examined iu reference to its behavior to light, 
temperature, and the various culture substances. Kreatin was 
found to be its simplest nitrogenous nutrient material. Carbonic 
acid arrests its growth, while oxygen not only favored its growth, 
but also accelerated the production of the orange-yellow pigment 
material which distinguishes it from the other staphylococci. Milk 
rendered sour by the addition of a pure culture of this microbe, 
and tested with the salts of barium, showed the presence of methyl- 
alcohol, lactic and butyric acids. It was ascertained that it pro- 
duced carbonic acid and absorbed oxygen. Corrosive sublimate, 
1:81400, and thymol, 1:1100, arrested its growth. A dried 
culture, exposed for an hour to a temperature of 86° C. (176° F.), 
was rendered completely sterile. Its pathogenic properties were 
found greatest in cultures made directly from the diseased tissues, 
while its virulence diminished through successive cultures. A cul- 
ture, attenuated in this manner, again regained its virulence by 
being passed through the animal body. Large quantities of this 
microbe injected into the subcutaneous tissue of rabbits produced 
a general infection, the kfdneys and muscles of the heart being the 
organs first attacked. If injected into the knee-joint of a dog sup- 
puration occurred, followed by disintegration of the joint. It is 
identical with the organism which has been described in acute 
osteomyelitis, and at first supposed to be the specific organism of 
that disease. 

2. Staphylococcus Pyogenes Albus. — Same as aureus, but 
produces no pigment. Both Passet and Klebs have observed in 
the white culture of this coccus small yellow dots, which, when 
isolated, lost their color. These authors, therefore, consider the 
yellow and white staphylococcus as varieties of the same kind. Its 
pathogenic properties, both in man and animals, are somewhat less 

6 
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intense than those of the aureus. The cultures of both the yellow 
and white staphylococcus upon gelatine present an irregular sur- 
face, and the margins are dotted with numerous minute globular 
projections. Both of these microbes liquefy gelatin, but agarr 
agar and coagulated blood-serum are not similarly affected. The 
cultures, especially if kept moist, retain their virulence for a very 
long time. Rosenbach found a culture upon serum active after 
the lapse of two years. 

3. Staphylococcus Pyogexes Citeeus. — Like the former, 
liquefies gelatin. Cocci singly, or in pairs, or zooglcea. If cul- 
tivated on nutrient gelatin, or agar-agar, a sulphur or lemon- 
yellow growth develops after twenty-four hours, which, at that 
time, resembles the aureus, but later does not change into an orange- 
yellow color. In both, the development of pigment only takes 
place where the colonies are in contact with the air. According to 
Passet, its pathogenic properties are somewhat less than those of 
the aureus and albus. This latter statement has received the con- 
firmation of Cheyne. When inoculated under the skin of mice, 
guinea-pigs, or rabbits, an abscess forms after a few days, from 
which a fresh culture of the microbe can be obtained. 

4. Staphylococcus Ceeeus Albus. — Cocci also obtainable 
from pus, but distinguished by forming on nutrient gelatin a 
white, slightly shining layer, like, drops of white wax, with some- 
what thickened, irregular edge. The needle puncture develops 
into a grayish-white, granular thread. In plate cultivations, on 
the first day, white points are observed, which spread themselves 
out on the surface to spots of one-half a millimetre in diameter; 
when cultivated on blood-serum, a grayish-white, slightly shining 
streak develops ; and on potato the cocci form a layer which is 
similarly colored. This microbe is not pathogenic in rabbits. 

5. Staphylococcus Cereus Flavus. — ^If cultivated on gela- 
tin, the growth, which is at first white, becomes a citron-yellow 
color, somewhat darker than staphylococcus pyogenes citreus. Both 
varieties of staphylococcus cereus are found in pus and cultures in 
colonies. Inoculations in rabbits have proved harmless. 

6. Staphylococcus Flavescbns. — This organism was found 
in an abscess by Babes, and occupies an intermediate position 
between the staphylococcus aureus and albus. On gelatin, the 
growth forms a colorless layer, and causes liquefaction. It is fatal 
to mice, sometimes causing abscesses, and, in large doses, septi- 
caemia. 

7. Micrococcus Pyogenes Tenuis. — Rosenbach found this 
microorganism in a large abscess which had given rise to no 
general symptoms. It is of rare occurrence. On agar-agar it 
forms an exceedingly delicate, almost invisible, white film. The 
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Staphylococci. (After Rosenbach.) 962 diam. 
a. From a culture twenty-four days old. 
6. From a culture two months old. 
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individual cocci are irregular in shape, and larger than the staphy- 
lococci. In all cases in which this microbe is the sole cause of the 
suppuration, the process appears to have been not attended by any 
very severe inflammatory symptoms, and little or no general febrile 
disturbances. Rosenbach made no experiments to test its patho- 
genic properties in animals. 

This microbe was never found by anyone else but Eosenbach 
until February, 1888, when Easkina {Transactions of Russian 
Medical ^ Association, 1889, p. 327) isolated it from the pus and 
organs in a case of scarlatina complicated with pyaemia, which 
proved fatal on the eighteenth day of the commencement of the 
primary disease. At the necropsy multiple miliary abscesses were 
found in the kidneys at the junction of cortex and medullary por- 
tion. From these the micrococcus pyogenes tenuis was obtained 
in a state of pure cultivation, and from the parenchymatous portion 
of the kidney a diplococcus of unknown species was cultivated. 
Inoculations of rabbits with a pure culture of the micrococcus 
gave negative results, even though the coccus was present in the 
blood twenty-four hours after inoculation, hence it is problematical 
as to its being a pyogenic microbe. Like the staphylococcus 
cereus, it probably belongs to the so-called metabiotic microbes of 
Garr^, occurring secondarily after suppuration has been established 
by genuine pyogenic microbes. 

8. Streptococcus Pyogenes. — Cocci singly, or arranged in 
chains often of great length. Fig. 2 (Rosenbach). Cultures grow 
very slowly on ordinary nutrient media at 
the summer temperature, but with greater 
rapidity at the temperature of the body. 
Cultivated in a streak on the surface of gela- 
tin on a glass plate, this microbe forms at 
first whitish, somewhat transparent rounded 
spots, of the size of small grains of sand. On 
nutrient agar-agar it groM's most energetically 
at a temperature of 35°-37° C. (95°-98.6° ..., ..,.,. ...„^^ 

F.). Even if the inoculation is made with „, *t '^"'" """"'^ 

/ . . ,. , , streptococcus pyogenes. 

a needle m a continuous hne, the culture (Rosenbach.) 

appears in small dots. In its further growth, 
the culture is elevated in the centre, and presents a pale brownish 
color, while the periphery is flattened, except at the extreme margin, 
which is again raised, and often with a spotted appearance. Still 
later, the periphery develops successive layers or terraces. The 
growth is so slow that in two or three weeks the maximum width 
of the culture-streak is about two or three millimetres. In a 
vacuum, peptonization of albumen and beef takes place rapidly. 
In the subcutaneous tissue of rabbits in small quantities they cause 
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a transient redness ; when larger quantities ai'e used some autiiors 
claim they produce small circumscribed abscesses. If a pure cul- 
ture is injected into a serous cavity, it causes, first, iuflSammation, 
and, later, effusion, which is again absorbed. 

9. Bacillus Pyogenes Fcetidus. — Passet found this organism 
(Fig. 3, Passet) in the pus of a peri-rectal abscess This bacillus 
grows on gelatin, forming a delicate white or grayish layer on the 
surface, but causes no liquefaction. When cultivated on agar-agar 
and potato it has the appearance of a light brown glistening layer, 
which emits a very offensive odor. In milk this smell is not pro- 
duced. This organism is not pathogenic in rabbits. In . mice 
traces of the culture do no harm ; the injection of several drops 
causes septicaemia. Injection of about ten minims of the cultiva- 
tion into guinea-pigs causes an abscess in which the bacilli alone 
are found ; direct injection into the circulation causes sepsis. 

Fig. 3. Fig. 4. 
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Bacillus pyogenes fcetidus, 700 : 1. Bacillus pyocyaneus, 700 : 1. 

(Passet.) (Fluggb.) 

10. Bacillus Pyocyaneus. — Ernst found in blue pus two 
kinds of bacilli. Fig. 4 (Fliigge), which he designated as bacillus 
pyocyaneus. Ledderhose (" Deber den blauen Eiter," Deutsche 
Zeitschrift f. Ghirurgie, B. xviii. Heft 3), by extensive cultivations 
of these bacilli, obtained a considerable quantity of pyocyanin and 
by chemical analysis determined its formula to be Ci^Hj4N2C. In 
doses of one gramme as muriate of pyocyanin injected into the 
circulation of different animals, he observed no toxic symptoms. 
When a pure culture of the bacilli was injected, he observed in- 
flammation and suppuration, and attributes this result, not to the 
presence of pyocyanin, but to other as yet unknown phlogistic and 
pyogenic substances. 

Experimental and Clinical Evidences which Prove that Pus-microbes 
are the Only and Essential Cause of Suppuration. 

Rosenbach found that in dogs and rabbits a small quantity of a 
pure culture of the staphylococcus pyogenes aureus injected under 
the skin produced a most violent suppurative inflammation ; cul- 
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tures of the staphylococcus pyogenes albus produced the same 
eftect. Cultures of the streptococcus pyogenes produced only 
slight inflammation in rabbits, while they proved very fatal in 
mice. 

Passet ("TJeber die Aetiologie und Therapie der Impetigo, des 
Furunkeis uud der Sykosis," Monatshefte f. prakt. Dermatologie, 
B. vi. No. 10, 1887) took a pure culture of the staphylococcus 
pyogenes aureus the size of a pea grown upon potato and mixed it 
with 5 c.c. of distilled water. Of this fluid he injected under 
the skin of a mouse 0.1 c.c; the animal recovered. Another 
mouse was treated in the same manner, but 0.4 c.c. of gelatin, 
lique'fied by the same microbe, was used, and this animal died in 
eighteen hours. Cocci were found in the blood. In rabbits and 
dogs, a subcutaneous injection of 1 c.c. liquefied gelatin-culture 
of the aureus usually produced an abscess at the point of inocula- 
tion. If the dose was increased to 5 c.c. of such a culture, the 
animals died in from eighteen to twenty liours, at the same time a 
local inflammation was found at the point of injection. In all of 
these cases the blood contained numerous cocci. Of the culture of 
the streptococcus it was found necessary to inject a considerable 
quantity in order to produce suppuration. Liquefied gelatin-cul- 
tures of the staphylococcus pyogenes aureus and albus, in doses 
of 1 c.c, injected into the abdominal cavities of rabbits, were 
well tolerated, and death was only produced when the dose was 
increased to from 4 to 6 c.c Injection of cultures of the strep- 
tococcus pyogenes into the peritoneal cavity was even better toler- 
ated, and usually had to be repeated several times to produce death 
from peritonitis. A needle dipped into a culture of pus-microbes 
he could insert into joints without causing suppuration ; but the 
injection of from 0.3 to 0.5 c.c. of a mixture of pus-microbes 
and water into the hip-joint of rabbits produced suppurative arthri- 
tis, rupture of the capsule, and diff"use para-articular phlegmonous 
inflammation and suppuration, and often death of the animal. 
Injection of one or two drops of a liquefied gelatin-culture of the 
staphylococcus aureus, or albus, into' a vein of a rabbit did not 
produce any serious disturbance, but if the dose was increased to 
from 0.5 to 1, it, as a rule, caused a fatal disease. In such cases, 
multiple suppurating foci were found in the kidneys, liver, spleen, 
and lungs, with pleuritic and peritoneal effusions, pericarditis and 
myocarditis, also serous and purulent effusions into joints and mus- 
cular abscesses. A pure culture on potato scraped off and injected 
into the circulation produced mycotic endocarditis. Injection of a 
pure culture of streptococcus pyogenes was more frequently fol- 
lowed by joint complications and peritoneal effusion. The effect 
of the introduction of pus-microbes in man is the same as in 
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animals. Garre (" Zur Aetiologie der acut eitrigen Entziiaduu- 
gen," Fortsohritte der Medioin, 1885, No. 6) made a superficial 
abrasion on one of his fingers and applied a pure culture of the 
staphylococcus pyogenes aureus ; the only symptom observed was 
a slight redness eighteen to twenty-four hours after the inoculation. 
He then made three small incisions and inoculated himself with a 
larger quantity of the culture, which was followed by a slight sub- 
epidermal suppuration. The same author made numerous cultiva- 
tions from pus of diiFerent forms of acute abscesses, and always 
succeeded in demonstrating the presence of one or more of the' pus- 
microbes. From the product of acute, diffuse phlegmonous inflam- 
mation the culture consisted usually of streptococci. 

Fehleisen repeated the same experiments wilh cultures of the 
different kinds of pus-microbes, and, if he succeeded in causing 
suppuration, this was always very slight. He also found minute 
doses administered subcutaneously harmless, while a larger quantity 
of pus- microbes suspended in water, almost without exception, 
caused abscesses, and, in animals, very large doses produced death 
from sepsis before suppuration could take place. 

Bockhardt introduced a trace of the mixed cultivation of staphy- 
lococcus aureus and albus into the cutis of his left forefinger ; after 
forty-eight hours a small abscess had formed, and was opened, and 
the pus contained the staphylococcus pyogenes aureus. 

He also made on himself endermic inoculations with a mixture 
of staphylococcus pyogenes aureus and albus. Fourteen hours after 
injection there were at the seat of inoculation, in a space about the 
size of a five-shilling piece, twenty-five impetigo pustules, varying 
from the size of a pin's head to that of a lentil, a few, but not the 
majority, of these being traversed by hair. They contained the 
cocci employed. Bumm injected pure cultivations of staphylococcus 
pyogenes aureus into the subcutaneous tissue of his own arm and 
into the arn^s of two other persons. In each instance an abscess 
developed, which varied from the size of a pigeon's egg to that of 
a man's fist, according to the time which elapsed before they were 
opened, and these abscesses contained the same species of microbes 
as were injected. 

Fehleisen ("Zur Aetiologie der Eiterung, Arbeiten aus der 
Chirurgischen Klinik der Konigl. TTniversitat," Berlin, Dritter 
Theil., 1887), whobelieves that the ptomaines produced by the pus- 
microbes are the direct cause of suppuration, has also made numer- 
ous experiments on animals by injecting pure cultures, or pus. In 
order to ascertain whether the presence of atmospheric air had 
anything to do with the formation of pus, he made subcutaneous 
sections of muscles and tendons with a tenotomy knife which had 
been dipped in a mixture of water and pus-microbes, and, as sup- 
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puration did not occur, he smeared the blade of the tenotome with 
a pure culture of pus-microbes and kept the instrument under a 
glass globe for six hours for the liquid to dry on it, and repeated 
the same operation, and still no suppuration followed. In two 
dogs of the same age, he dissected up a triangular flap of skin over 
the abdomen with the base toward Poupart's ligament, and in one 
of the animals infected the wound with a pure culture of pus- 
microbes before suturing, while in the other the wound was closed 
without such infection. The non-infected wound healed by primary 
intention, while in the other animal a large abscess formed. He 
also exposed the femoral vessels in animals, and inoculated the sur- 
face over the vessels with pus-microbes, with the result of causing 
only an abscess, but never progressive septic infection. In rabbits 
and dogs, the injection of one drop of pus into the connective tissue 
produced no reaction — absorption taking place. In both of these 
animals the injection of from 1 to 2 c.c. of pus under the skin 
always developed large abscesses. In a rabbit, 0.4 c c. of strep- 
tococci-containing pus caused death in forty hours ; suppuration at 
the point of injection. Streptococcus culture was obtained from 
the blood taken from the liver. Wegner ascertained that, in order 
to produce suppurative peritonitis in rabbits, it is necessary to inject 
6 c.c. of pus, and in dogs 25 c.c. Fehleisen injected into the 
peritoneal cavity of rabbits 8 c.c. of streptococci-containing pus, 
with the result that the animals were almost immediately seized 
with toxic symptoms, followed by death in twelve hours. After 
death, double pleuritis and peritonitis were found. Streptococci 
could be cultivated from the blood. In two rabbits, 8 c.c. of 
tubercular pus were injected into the peritoneal cavity without pro- 
ducing any immediate symptoms until tuberculosis developed. In 
rabbits, staphylococcus-containing pus produced no constant symp- 
toms. Some died after an injection of from 1 to 2 c.c, others 
recovered after injection of from 4 to 5 c.c. From these experi- 
ments, he came to the conclusion that the virulence of pus does not 
depend upon the number of microbes it contains, but is proportion- 
ate to the intensity of the inflammation in the individual from 
which it was taken. 

Zuckermann (Aus dem Laboratorium f. Chirurgie, Pathologic u. 
Therapie der k. Universitat zu Kasan.), as the result of his own 
investigations and experiments, formulates his own ideas in refer- 
ence to the causes of suppuration in the following conclusions : 

1. Mechanical, chemical, or thermal influences, if microbes are 
excluded, do not produce suppuration. 

2. If suppuration followed any of these causes, it was not 
without the admission of microbes. 

3. Chemically-pure substances may be mycotically impure ; even 
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some disinfecting agents are, it appears, not always free from 
microbes. 

4. As causes of suppuration the following microbes can be 
enumerated : staphylococcus pyogenes aureus, albus, and citreus ; 
streptococcus pyogenes, and, in foul abscesses, also the bacillus 
pyogenes foetidus. 

5. Inoculations with staphylococcus and streptococcus have, 
when injected in large quantities, produced local suppuration, or 
death by general infection. 

6. The pus-microbes must, in the face of the frequent occurrence 
of suppuration, have a wide diffusion through nature. 

7. Pus-microbes can enter the organism through the respiratory 
passages, the intestinal canal, and skin. Entrance is most fre- 
quently effected through the skin. 

8. The staphylococcus and streptococcus are found most fre- 
quently in pus. 

The same writer to show the frequency of occurrence of the dif- 
ferent kinds of pus-microbes, has tabulated from different sources 
495 abscesses, and he states that the staphylococcus was present in 
71 per cent., the streptococcus in 16 per cent., these two microbes 
together, in 5.5 per cent., and the remaining pyogenic microbes 
only exceptionally. 

Tricomi ("Referat," Berl Min. Woehenschrifi, Jan. 23, 1888) 
made a bacteriological examination of 80 acute abscesses, 8 phleg- 
monous inflammations, and 5 furuncles, and never failed in finding 
the microbes of suppuration. He makes no distinction between 
the streptococcus and staphylococcus and includes both forms 
under the term micrococcus pyogenes. His own experiments on 
mice, rabbits, and guinea-pigs have led him to the opinion that 
pus-microbes have a specific destructive action on the connective 
tissue, and he asserts that their pathogenic action is limited to this 
tissue. The results of his observations on animals he applies to 
human pathology, and attempts to establish the fact that, in the 
formation of abscesses in the internal organs, destructive processes 
must precede and prepare the soil for the microbes. 

He does not believe that indifferent and chemical substances, 
mycotically pure, can cause suppuration. 

Watson Cheyne, in his admirable lectures on suppuration, puts 
himself on record as believing that no aseptic substances or chem- 
ical irritants ever cause suppuration. He affirms that the product 
of inflammation which accumulates at the point of implantation or 
infection in such cases is not true pus, but a putty-like substance 
which is more consistent than pus from the absence of ptomaines. 
He asserts that for the formation of a true abscess we require the 
peptonizing ferment produced by the microorganisms, or, at any 
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rate, of a chemical substance which prevents coagulation of the 
exuded fluid. He describes a minute abscess as containing a colony 
of microbes which, when fixed in the tissues, cause a limited coagu- 
lation-necrosis of the tissues in immediate contact with the microbes 
by the action of the ptomaines ; a few hours later a zone of leuco- 
cytes aggregate around the dead tissues. The products of inflam- 
mation also remain fluid, probably also from the peptonizing eflect 
of the microbes, and thus an abscess is formed. 

The above observations are conclusive in showing that pus- 
microbes can be cultivated from the pus of every acute abscess, and 
that, in man and animals, the injection of a sufficient quantity of a 
pure culture into the tissues is followed by suppuration ; and thus 
far, positive proof has been furnished of the direct etiological rela- 
tionship which exists between pus-microbes and suppuration. 
Quite recently a number of pathologists have gone one step further, 
and claimed that pus-microbes are not the direct cause of suppura- 
tion, but that their presence is essential for the production of pto- 
maines, to which they attribute pyogenic properties. We will, 
therefore, consider 

The Relation of Ptomaines to Suppuration. 

Grawitz and de Bary (" Ueber die Ursachen der subcutanen 
Entziindung und Eiterung," Virchow's Archiv, B. cviii. S. 68), 
after detailing the results of their experiments with injections of 
chemical irritants during their studies on pus-production, give an 
account of their experiments with the ptomaines, of pus-microbes. 
They claim that these ptomaines, like chemical irritants, prepare 
the "soil in the tissues for the growth and reproduction of pus- 
microbes The action of these substances becomes apparent by 
injection of sterilized cultures where the only active agents could be 
the preformed poisons. They injected 4 c.c. of a sterilized culture 
of the staphylococcus pyogenes aureus under the skin of a dog, and 
produced suppuration. The contents of the abscess were examined 
for microbes, but none were found. They claim that the presence of 
oxygen is of the greatest importance in the production of pto- 
maines. 

Grawitz (" Ueber die Bedeutung des Cadaverius f das Entste- 
hen von Eiterung," Virchow's Archiv, B. ex. Heft 1) experi- 
mented with a pure preparation of cadaveriu, prepared by Brieger 
from bacteria. This belongs to the class of non-toxic cadaver 
alkaloids, and is a colorless fluid, the chemical formula of which is 
identical with pentamethylendiomin ; a 2J per cent, solution of 
this substance destroyed the staphylococcus pyogenes aureus^ in an 
hour, and a small quantity added to a culture of pus-microbes 
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arrested farther growth. A solution absolutely free from microbes, 
injected under the skin of animals, according to strength and quan- 
tity used, produced cauterization or inflammation, terminating in 
suppuration or inflammatory oedema, followed by resolution and 
absorption. The pus produced by cadaverin contained no bacteria 
as long as the skin remained intact. The injection of a mixture of a 
solution of cadaverin and pus-microbes caused a progressive phleg- 
monous inflammation. 

Scheuerlen ("Weitere Untersuchungen iiber die Entstehung 
der Eiterung, ihr Verhiiltniss zu den Ptomainen und zur Blutgerin- 
nuug," Mitiheilungen aus der Ohirurgischen Klinih der Koniglichen 
Universitdt. Berlin, Dritter Theil. 1887) has on a previous occasion 
shown that croton oil, turpentine, aud other irritants cannot produce 
suppuration. In all cases in which pus was produced by any of 
these agents it contained bacteria. He, therefore, takes it for 
granted that pus can only be produced by microorganisms. How 
this is done is difficult to prove. The action of pus-microbes upon 
the tissues must be either physical or chemical. The action of 
ptomaines on the living tissues was studied by Panum as early as 
1856, and later by Bergmann and his scholars. Recently this sub- 
ject has been studied in a systematic manner by Brieger. Scheuer- 
len was the first to study their local effects. He introduced into 
the subcutaneous connective tissue of rabbits aseptic glass capsules 
containing sterilized putrid infusion of meat ; the wounds were 
treated under the strictest antiseptic precautions, and healed by 
primary union. After the wound was healed, he broke off subcu- 
taneously both ends of the glass capsule, so as to bring the fluid it 
contained into contact with the tissues. Three to six weeks after 
implantation of the capsule the parts were incised and examined. 
The ends of the capsule were always found to contain a few drops 
of thin yellow pus, which, under the microscope, showed all the 
characteristic appearances of this fluid. The surrounding tissues 
were not affected. Cultivation experiments yielded negative results. 
Wheji the capsules were broken, the ptomaines came in contact 
with the leucocytes which had accumulated around the foreign 
body, and by their local toxic effects transformed them into pus 
corpuscles, while no evidences of local infection were present, which 
shows conclusively that the transformation of the leucocytes into 
pus corpuscles was accomplished by the ptomaines. In about 
twenty experiments the pus was found only inside the capsule. In 
the cases in which the tube had been implanted for eight weeks, 
the conditions remained the same. Weigert has repeatedly shown 
that the difference between a purulent and fibrinous exudation can 
be readily demonstrated, as the former does not coagulate, although 
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white corpuscles and plasma may be present. Klemperer believes 
that this is due to a previous destruction of fibrinogen by the 
microorganisms. The putrid meat infusion used by Scheuerlen 
caused limited suppuration, and on that account it must also have 
possessed the property to prevent coagulation. To prove this, he 
made the following experiment: The abdomen of a rabbit was 
opened while the animal was under the influence of chloroform, 
and blood was drawn directly from the aorta into a glass tube con- 
taining putrid extract of meat. As the fluids gradually became 
mixed, the blood assumed a brownish-red color; coagulation did 
not take place after hours and days, while in the control experi- 
ments, with solution of salt, the blood coagulated firmly after the 
lapse of a few minutes. Microscopical examination of the mixture 
of blood and putrid fluid showed no fibrin and no rouleaux of red 
blood- corpuscles. Both the red and white corpuscles were con- 
tracted and corrugated. He next made thirty cultures of the staphy- 
lococcus pyogenes aureus on agar-agar gelatin, and the same 
number of cultures of the albus, and after completion of their 
growth, fourteen days later, he sterilized them with boiling water, 
and after shaking the fluid removed the cultures and boiled them 
for a few minutes, and finally filtered them ; and thus obtained 
about 150 c.c. of a light yellow fluid. This was reduced to 8 
c.c. by boiling ; when used, the fluid was again filtered. The fil- 
trate was put in capsules and introduced into the subcutaneous 
tissues of animals in the same manner as in the preceding experi- 
ments. The suppuration which followed was again found to be 
limited to the inside of the broken glass capsules, the same as in 
the experiments with the sterilized putrid meat infusion. The 
cadaverin and putrescin, two ptomaines prepared by Brieger, were 
next experimented with in the same manner. In preventing 
coagulation the results were even more marked than with the former 
substances. Both also produced the same localized suppuration in 
the interior of the broken glass capsule. Cadaverin has lately 
been produced chemically by Ladenberg from trimethylen-cyanuret 
as pentamethylendiomin. 

These experiments leave no doubt that ptomaines exert a chemi- 
cal influence on leucocytes and embryonal tissue,^ which transforms 
these tissues into pus corpuscles. The suppuration which is thus 
produced, however, never extends beyond the tissues which are 
brought in direct contact with them, and, therefore, always remains 
circumscribed. In this respect the experiments just cited do not 
correspond with suppuration as we meet it at the bedside, as here 
from the same causes, and apparently under the same conditions, 
the process presents the greatest variations in reference to itsinten- 
sity and extent. In one case the suppuration remains circum- 
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scribed, resulting in a furuncle; in others the regional infection 
is more extensive, and a diffuse phlegmonous inflammation is the 
result; while in a third class, the local infection leads to general 
invasiou, and the patient dies of sepsis or pysemia. The clinical 
forms are noted for the progressive character of the infection, 
which is due to the multiplication of microorganisms within the 
body, and the production of ptoman'ies proportionate in amount to 
the number of microbes present. Practically, the matter remains 
the same as before it was known that ptomaines could cause sup- 
puration, as pus-microbes must be introduced into the organism 
before ptomaines can be produced, and for the practical surgeon it 
is immaterial to know whether suppuration is the direct or indirect 
result of the presence of pus-microbes. Scientifically, however, 
this question has an important bearing, and has again awakened 
interest in the question : 

Can Suppuration be Produced by Qiemical Irritants f 

Grawitz and de Bary produced by subcutaneous injections of 
turpentine, variable results in different animals. Injections of tur- 
pentine, with or without pus-microbes, produced inflammation, but 
no suppuration in rabbits and guinea-pigs ; while in dogs the same 
injections invariably caused suppuration. Croiton oil was found 
to possess no influence in retarding the growth of pus-microbes. 
Injection experiments demonstrated that this substance in small 
quantities in the connective tissue of rabbits caused a serous or 
fibrinous exudation, while larger doses acted as a caustic, and were 
only occasionally followed by suppuration. Injections of a mix- 
ture of pus-microbes and croton oil always caused suppuration. 
They maintained that certain chemical substances, used in a definite 
degree of concentration, injected into the subcutaneous tissue of 
animals, prepared the tissues for the growth of pus-microbes. 

In a later series of experiments on the production of suppuration 
Grawitz (" Beitrag zur Theorie der Eiterung," Virchow's Archiv, 
B. cxvi. S. 116) obtained similar results, and still maintains that 
aseptic turpentine, when introduced in sufficient quantity into the 
tissues, causes suppuration. Inoculations of d liferent nutrient media 
with such pus showed that it was sterile. He maintains that tur- 
pentine does not destroy pus-microbes. He also found that pus 
produced by turpentine injections had a distinctive effect on pus- 
microbes. This action of sterile pus he attributes not to the presence 
of ptomaines but to the action of its albuminous constituents. His 
experiments led also to the important observation that when gelatin 
cultures are over-saturated with albumin or peptone, pus-microbes 
will no longer grow upon them. 
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Councilman (" Zur Aetiologie der Eiterung," Virchovv's Archiv, 
B. xcii. S. 217-230) introduced turpentine and croton oil in aseptic 
glass capsules into the connective tissue of animals, and after the 
wound had healed and the capsules had become encysted, ruptured 
them subcutaneously. He observed that these substances caused a 
circumscribed suppuration. 

Uskoff (" Giebt es eine Eiterung, unabhangig von niederen 
Organismen?" Virchow's Archiv, B. Ixxxv., 1881) found by his 
experiments that a considerable quantity of indifferent substances, 
such as milk, olive oil, etc., if injected subcutaneously in animals, 
either at once, or by repeating the injection from time to time, 
caused suppuration, and that turpentine administered in this manner 
always acted as a pyogenic agent. 

Orthmann (" Ueber die Ursachen der Eiterbildung," Virchow's 
Archiv, B. xc. S. 544-554), under Rosenbach's supervision, re- 
peated Uskoff's experiments, and by resorting to most strict anti- 
septic precautions could not verify the correctness of his conclusions 
in regard to the pyogenic properties of indifferent substances. His 
experiments with croton oil, turpentine, and metallic mercury re- 
sulted in inflammation and suppuration. Cultivation experiments 
with pus thus produced showed that it was sterile. 

Scheuerlen ("Die Entstehung und Erzeugung der Eiterung durch 
chemische Reizmittel," 1887) made a series of very carefully con- 
ducted experiments, and came to the conclusion that aseptic sub- 
stances never produced suppuration. He modified Councilman's 
method by substituting capillary glass tubes for the glass capsules, 
which were rendered perfectly aseptic, and were then charged with 
from one to four drops of turpentine, after which they were sealed 
in the flame of a spirit lamp. They were inserted into the tissues 
through a long, hollow needle, in order to avoid the necessity of 
making an incision. After the glass was put in the proper place 
the needle was withdrawn, and the puncture closed with iodoform 
collodion. After the puncture was healed the glass tube was broken 
underneath the skin. He extended his investigations to other irri- 
tating substances aside from turpentine, but in no instance was the 
experiment followed by suppuration. 

Quite recently, Grawitz and de Bary (" Ueber die Ursachen der 
subcutanen Entziindung und Eiterung," Virchow's Archiv, B. cviii. 
S. 67-103) again upheld the theory that suppuration can be pro- 
duced by irritating substances independently of microorganisms. 
Among the many important conclusions drawn from their numer- 
ous experiments may be mentioned the following : 

1. Weak solutions of nitrate of silver, 0.5 per cent., if adminis- 
tered subcutaneously, are absorbed; strong solutions, 5 per cent. 
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iu dogs produce suppuration, in guinea-pigs only inflammatory 
swelling. 

2. To a number of chemical agents, such as concentrated solution 
of salt, acids, etc., a considerable quantity of a culture of staphylo- 
coccus can be added without suppuration following the injection.^ 

3. In rabbits and guinea-pigs, even a large quantity of turpentine 
can be injected without causing suppuration. In dogs, turpentine 
injection into the subcutaneous tissue acts as a pyogenic substance 
'par excellence. These experimenters affirm that the microbes of 
suppuration alone cannot produce pus in the subcutaneous tissue in 
dogs and rabbits. On the other hand, they claim that chemical 
substances, mycotically pure, can, under certain conditions, produce 
suppuration, and must, when used in proper doses and concentra- 
tion in the right kind of animals, produce suppuration without fail. 

Nathan {Arohivf.klin. Chir.,'Bd. xxxvii. 8. 875) makes an inter- 
esting contribution on the etiology of suppuration in view of the 
fact that Grawitz and de Bary assert that ammonia, silver nitrate, 
and turpentine injected subcutaneously into the tissues of dogs pro- 
duce a suppuration in which no microbes can be found. He used 
dogs in his experiments; the point of injection was shaved and 
carefully disinfected with sublimate 1 : 1000 ; the substance used 
was, after careful sterilization, injected by means of a needle thor- 
oughly purified by heat. During the whole experiment the field 
of operation was irrigated with sublimate solution. It was found 
that abscesses did at times, but not invariably, appear as a result of 
these injections. Plate cultures always showed that these abscesses 
contained microorganisms, though both cover-glass preparations and 
test-tube cultures failed to demonstrate them. The development of 
microorganisms was explained by the theory that by constant lick- 
ing the dogs infected the puncture. * 

Janowski (" Ueber die Ursachen der acuten Eiterung," Ziegler's 
Beitrage zurpath. Anatomic, Bd. vi. Heft 3) experimented with ster- 
ilized oil of turpentine on dogs and rabbits, producing by subcu- 
taneous injections suppuration in the former animal in a few days, 
while in the rabbits the suppurative process was delayed four to six 
weeks. With caustic ammonia he obtained only negative results, 
which led him to assert that when this substance caused suppuration 
in the hands of other experimenters, it must have been contami- 
nated with pus-producing microbes. 

P. Kaufmanu (" Ueber den Einfluss des Digitoxins auf die 
Enstehung Eitriger Phlegmone," Archiv f. Exp. Pathologie, Bd. 
XXV. S. 397) has shown experimentally that digitoxiu when injected 
subcutaneously into the tissues of animals produces suppuration 
independently of pus-microbes. In dogs this result followed injec- 
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tions in doses of from one-half to one-third of a milligramme 
dissolved in alcohol. 

From a clinical aspect, the absence of pus-microbes in non-puru- 
lent inflammatory products speaks ^rongly in favor of a microbic 
cause of suppuration. 

Ruiys ("Ueber die Ursachen der Eiterung," Deutsche med. 
Wochensohrift, 1885, No. 48) made some exceedingly interesting 
experiments on the pyogenic action of different substances, selecting 
the anterior chamber of the eye as the seat for injection. The 
results of his experiments were such that he claimed, in a most 
positive and emphatic manner, that suppuration never takes place 
without micoorganisms. 

Biondi expressed himself to the same effect. 

If we think for a moment how difficult it is in experimenting 
on animals with indifferent substances and chemical irritants to 
procure for the seat of injection a perfectly aseptic condition, it is 
not difficult to conceive that opinions still differ in regard to the 
immediate cause of suppuration. At the same time, Watson 
Cheyne has shown most conclusively in his article on '' Suppu- 
ration and Septic Diseases," to which frequent allusion has been 
made, that the number of bacteria introduced greatly modifies not 
only the intensity of symptoms, but also the character of the disease. 
His experiments were made with cultivations of Hauser's proteus 
vulgaris. He estimated that ^Vh c. c. of an undiluted cultiva- 
tion of this microbe contains 225,000,000 of bacteria, and when 
this quantity was injected into the muscular tissue of a rabbit it 
produced speedy death. ;^th c. c. administered in the same 
manner caused an extensive abscess at the point of injection, and 
death of the animal in six or eight weeks. Doses of less than -g-^th 
c. c. produced no effect — in fact, doses of less than -j-V^h to y^T^th 
c. c, or, in other words, fewer than about 18,000,000 bacteria, 
seldom caused any result. The same observer found that in the 
case of staphylococcus pyogenes aureus that it was necessary to 
inject something like 1,000,000,000 cocci into the muscles of rab- 
bits, in order to cause a rapidly fatal result, while 250,000,000 
produced a small abscess. In the case of the tetanus bacillus, death 
did not occur in rabbits when fewer than 1000 bacilli were intro- 
duced. He believes that the preformed ptomaines in these cases 
alter the result. It is therefore quite possible that, in the experi- 
ments in which injection of pus-microbes did not produce suppura- 
tion, an insufficient number of cocci were injected to produce the 
desired result, and that where inert substances and chemical irritants 
caused suppuration the injected material was contaminated, or that 
infection at the point of injection occurred through the wound or 
subsequently through the circulation. The latter mode of infection 
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should always be borne in mind where the presence of an aseptic 
body in the living tissues has apparently been the cause of suppu- 
ration. The tissues altered by the action of chemical irritants 
constitute a foreign substance which may determine localization of 
floating microbes, while, at the same time, the chemical alterations 
which they have caused in the tissues have prepared a favorable 
soil for their reproduction. Practically, in man, suppuration with- 
out microorganisms is only possible on the surface of the body, 
as the products of a suppurative inflammation in any of the 
internal organs always show the presence of pyogenic microbes 
which can be cultivated, and it is only rational to conclude that 
the inflammation and subsequent suppuration were caused by pyo- 
genic microorganisms or their products, the ptomaines. 

Pus-microbes in Different Suppurative Affections. 

Direct infection with pus-microbes can only take place through the 
cutaneous and other accessible surfaces or through wounds. Suppu- 
ration in the interior of the body, in the absence of a wound or 
other recognizable infection-atrium, must be considered in the light 
of an auto-infection with pyogenic microbes. 

1. Suppurative Affections of the Skin. — Longard ("Ueber 
Folliculitis abscedens infantum," Archivf. Kinderheilkunde, Bd. viii. 
Heft 5, ] 887) has made a careful microscopico-bacteriological exam- 
ination of nine cases of furunculosis in young children. In four of 
these cases he found the staphylococcus pyogenes albus alone, in 
five. cases in combination with the staphylococcus pyogenes aureus; 
the identity of these microbes with those described by Rosenbach 
was demonstrated by cultivations and experiments on rabbits. The 
microbes were not found in the fecal discharges of the patients, but 
were found, in small numbers, in the diapers of healthy unclean 
children, as well as in .the diapers of those .suflfering from follicu- 
litis. He believes that the pus-microbes were the direct cause of 
the affection, and that the infection took place through the sweat- 
glands, as the microbes were found in abundance upon the inner 
surface of the membrana propria of these appendages of the skin. 
As soon as they reached the subcutaneous connective tissue they 
produced suppurative inflammation. 

Experiments on dogs and rabbits, by cutaneous inoculations with 
pus-microbes cultivated from the furuncles, produced a slight swell- 
ing and redness, and in some instances the formation of small pus- 
tules. The result was always the same whether the pus was taken 
from the cultivation grown from a furuncle, a suppurating wound 
that healed without fever, or from a pysemic patient. The cuta- 
neous inoculation experiments of Garr^, Bockhart, and Bumm upon 
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themselves have been previously referred to, and they prove that 
many of the circumscribed suppurative affections of the skin are 
caused by direct inoculation with pus-microbes which enter the 
connective tissue, either through a slight abrasion* or through the 
glands of the skin. 

2. Serous Cavities. — A most interesting investigation of the 
conditions under which infection of the peritoneum can take place 
has been made by Grawitz (" Statistischer und experimentell 
pathologischer Beitrag," CJmriU Annalen, Bd. xi. S. 770). From 
his own experiments he came to the conclusion that the injection 
into the healthy peritoneal cavity of schizomycetes, pyogenic as 
well as non-pyogenic, produced no unfavorable results. Perito- 
nitis was caused only when the microbes were mixed with a caustic 
fluid, or when the peritoneal cavity contained a fluid which could 
serve the purpose of a nutrient medium ; also, when the amount of 
fluid injected exceeded the absorbing capacity of the peritoneum ; 
or, finally, if the peritoneum was injured at the same time, or the 
abdomen was opened by a penetrating wound. Strange as it may 
appear, he claims that the injection into the peritoneal cavity of 
intestinal contents caused no peritonitis as long as the punctured 
wound remained aseptic. 

Leyden ("Ueber spontane peritonitis," Deutsche med. Woahen- 
schrift, 1884, p. 212) demonstrated the presence of streptococci in 
the exudations of cases apparently spontaneous peritonitis. 

Garre (" Bacteriologische Untersuchungen von serosen Trans und 
Exsudaten und Atheromen," Corresbl. f. Schweizerdrzte, 1886, No. 
17) examined carefully for the presence of microorganisms in hydro- 
cele fluid, serous, peritoneal, and pleural eflusions, and the contents 
of joints the seat of serous synovitis, etc., by means of microscopi- 
cal examination and cultivation experiments, always with negative 
results. 

The same author (" Bacteriologische Untersuchungen des Bruch- 
wassers eingeklemmter Hernien," Fortschritte der Medicin, B. x. 
S. 486-490), in order to test the observations of JSTepveau, accord- 
ing to whom the transuded fluid in a hernial sac constantly con- 
tains bacteria, examined eight cases of incarcerated hernia. 
Although the microscope was used together with delicate reagents 
for microorganisms and cultivations in gelatin, bacteria were found 
in only a few instancfes. The fluid in the sac of non-incarcerated 
hernise examined by these methods was found absolutely sterile. 
Analysis of all the cases examined demonstrated that the length of 
time the incarceration has existed has no significance as regards the 
presence of bacteria j since, in recent cases, positive results were 
obtained, while in a case in which incarceration had existed for 
eight days the result was negative. Furthermore, the odor of the 

7 
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fluid is no indication of the presence of bacteria, as these may be 
absent even in fluid having a fecal odor. In cases in which the 
bowel becomes gangrenous, bacteria pass through its walls and 
death is caused by septic peritonitis. 

Frankel (" Ueber puerperale Peritonitis," Deutsche med. Wochen- 
schrifi, 1884, p. 212) has found the streptococcus pyogenes in a 
great variety of puerperal diseases; especially in cases in which 
the local affection implicated the lymphatic vessels. In such cases, 
the microbes found entrance into the pelvic tissues from abrasions 
or ulcers in the vagina, and by extension of the inflammatory pro- 
cess the broad ligaments and the peritoneum are successively 
reached ; after the peritoneum has once been reached, rapid_ diffu- 
sion takes place, and finally the diaphragm and pleura are impli- 
cated in the same process, and the microbes reach the blood and 
cause sepsis and pysemia. 

Weischelbaum {Centralblatt f. Chirurgie, August 17, 1889) has 
shown that peritonitis is not alwajs caused by pus-microbes as has 
been heretofore believed ; he has found the diplococcus of pneu- 
monia unaccompanied by any other microorganism in three cases 
of peritonitis. In one case peritonitis and acute pneumonia existed 
at the same time ; in the other, double pleuritis followed the peri- 
tonitis; but in the last case the peritonitis was undoubtedly pri- 
mary and in the absence of any other microbes in the products of 
the inflammation must have been caused by the diplococcus of 
Friedlander. 

Orth {British Medical Journal, March 1, 1890) has shown that 
the pathogenic properties of pus-microbes are strongly modifled by 
certain preexisting pathological conditions, although large doses of 
pure cultures of the staphylococcus and streptococcus injected into 
the peritoneal cavity of rats failed to cause any lesion of the perito- 
neum, the same microbes in the same doses caused fatal results 
when mixed with material which could only be absorbed slowly. 
Preexisting disease of the peritoneum favored the action of the 
microbes , in ascitic animals a very small quantity of a culture of 
staphylococcus caused septic peritonitis. The same result followed 
when any intra-abdominal structure was wounded. These experi- 
ments show the great danger which may follow infection of the 
peritoneum after laparotomy, especially if fluids or solid particles 
are allowed to remain after the operation. 

Frankel {Berl. Min. Wochenschrift, May 14, 1888) made a bac- 
teriological study of twelve cases of empyema. In three cases in 
which no special cause could be traced the pus contained exclusively 
the streptococcus pyogenes. In three cases the pus contained 
only pneumococci. Other authors have found, in such cases, also 
other pus-microbes. Frankel thinks that when this is the case, 
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they have been deposited in consequence of a secondary invasion. 
The presence of streptococci in the pus from a suppurating pleural 
cavity presents nothing characteristic, as the microbe is also found 
in cases in which the empyema is secondary to pneumonia and 
tuberculosis. On the other hand, he assigns to the pneumococcus 
in pus removed from a pleural cavity a diagnostic significance, as it 
proves, beyond all doubt, that the suppurative pleuritis occurred in 
the course of a pneumonia as a secondary affection, consequently its 
presence in the pus is positive proof that a pneumonia exists, or has 
existed, even if the clinical and physical symptoms were not suffi- 
ciently clear to indicate its existence. In four cases the empyema 
had a tubercular origin, in two of which pneumothorax existed at 
the same time. The presence of the bacillus of tuberculosis in the 
pus is not easy to demonstrate, but the absence of this microbe is no 
sign that the disease is not tubercular, as inoculations with such 
pus in animals almost constantly produce typical tuberculosis. In 
the pus of tubercular pyo-pneumothorax, if microorganisms are 
present, the bacillus of tuberculosis can be found, and the pus shows 
no tendency to undergo putrefactive changes, in contradistinction 
to empyema occurring in non-tubercular subjects, in whom spon- 
taneous discharge through the bronchial tubes takes place. 

In the discussion on Frankel's paper. Senator maintained that 
putrefaction is prevented by the parenchyma of the lungs acting as 
a filter, preventing ingress of bacteria with the inspired air, and by 
the presence of a large amount of carbonic acid gas in the air of the 
cavity, as it is well known that microbes do not thrive as well in 
such an atmosphere as in ordinary air. Frankel believes that the 
absence of putrefaction in such cavities is due to the fact that few, 
if any organisms, except tubercle bacilli, are present in pus, and 
these do not cause putrefaction. It seems that tubercular pus does 
not furnish a favorable soil for the growth of other germs. 

Ehrlich {Berl. Hin. Wochenschrifi, May 14, 1888) has made a 
bacteriological study of the pus in nineteen cases of empyema ; in 
only seven of these could the bacillus of tuberculosis be found ; 
in the remaining twelve this microbe could not be found, and upon 
this negative ground the existence of tuberculosis was excluded. 
Further observation in these cases after operation corroborated the 
diagnosis.. He asserts, therefore, that in the purulent pleuritic 
exudation in tubercular patients, in empyema, and pyo-pneumo- 
thorax, the presence of the specific microbic cause can always be 
demonstrated. In a case of pneumo-hydrothorax he failed to find 
the bacillus until the effusion had undergone transformation into 
pus, when its presence could be readily demonstrated. Some of the 
pus-corpuscles contained as many as twenty baciUi. He places the 
greatest importance on a bacteriological examination of the pus as a 
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means of differential diagnosis between suppurative and tubercular 
empyema. 

3. PuEULBNT Arthritis. — Reference has already been made 
to the bacteriological researches of Garre, who never found bacteria 
of any kind in the serous eff"usions of joints. Suppurative syno- 
vitis, in an intact joint, is always caused by localization of pus- 
microbes in the synovial membrane, where their presence excites 
a purulent inflammation. In this manner the metastatic suppura- 
tive synovitis, as it occurs in pyaemia, in some cases of gonorrhoea, 
and in some of the general infective diseases, is caused. In ani- 
mals susceptible to purulent infection, the injection into a joint of a 
pure culture of pus-microbes is usually followed by destructive 
purulent inflammation, and, not infrequently, by the formation of 
extensive para-articular abscesses. 

Hoifa (" Bacteriologische Mittheilungen aus dem Laboratorium 
der chirurgischen Klinik des Prof Maas," Wiirzburg, Fortsohritte 
der Medidn, B. iv. S. 75), Kranzfeld (" Zur Aetiologie der acuten 
Eiterungen," St. Petersburg, 1886, Centralblait f. Ohirurgie, 1886, 
p. 529), and Krause (" Ueber acute eitrige Synovitis bei kleinen 
Kindern uud iiber den bei dieser Affection vorkomenden Ketten- 
coccus," Berl. Min. Woahenschrift, 1884, No. 43) have studied with 
special care the bacteriological origin of suppurating joints in small 
children a streptococcus, the identity of which with the one de- 
scribed by Rosenbach was proved by cultivation experiments. In 
one case the same microbe was also found in the products of a puru- 
lent meningitis, which followed in the course of the joint disease. 
The same streptococcus was found by Heubner and Bahrdt (" Zur 
Kenntniss der Gelenkeiterung bei Scharlaeh," Berl. Min. Woehen- 
sehrift, 1884, No. 44) in pus from a suppurating joint, and in the 
diphtheritic membranes of a scarlet fever patient. Clinical expe- 
rience and experimental research appear to prove that purulent 
synovitis occurring independently of osteomyelitis is, in the 
majority of cases, caused by the streptococcus pyogenes. 

4. Acute Suppurative Osteomyelitis. — Acute suppurative 
inflammation in bone, when it occurs independently of an external 
wound, and consequently of direct infection, furnishes one of the 
most interesting, and, thanks to the patient and persevering inves- 
tigations of a number of the foremost pathologists, one of the best 
known forms of purulent infection. For years it has been con- 
tended by some who made the etiology of acute osteomyelitis the 
subject of experimentation, that it is caused by a speciflc microbe 
not found in other forms of suppuration. Convincing evidence, 
however, has been accumulating for a number of years which seems 
to leave no further doubt that the ordinary microbes of suppuration 
are the cause of this form of suppurative inflammation, and that the 
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gravity of the symptoms which attend the disease, as compared with 
other suppurative processes, is owing to the anatomical location and 
structure of the inflamed tissues, rather than to any difference in 
the microbic cause. 

Rosenbach ("Vorlaufige Mittheilung iiber die acute Osteomye- 
litis beim Menschen erzeugenden Microorganismen," Gentralblatt f. 
Ohirurgie, 1884, p. 65), as early as 1881, cultivated the staphy- 
lococcus from osteomyelitic pus. In one case the yellow and the 
white staphylococcus were found combined, in another case the 
staphylococcus albus alone, while in a third case the staphylococcus 
aureus and the streptococcus pyogenes were found present together. 
Rosenbach produced the same result in his experiments by injection 
of a pure cultivation of pus-microbes from a furuncle of the lip, as 
Struck did with cultivations from the pus of osteomyelitis, and with 
osteomyelitic pus injected into the subcutaneous connective tissue he 
produced an ordinary abscess. Recurrent attacks of osteomyelitis 
years afler the primary disease, he explains by assuming that after 
the first attack some of the microbes are left in the tissues, and 
remain in a latent condition until at some subsequent time local 
conditions are created which enable them again to display their 
pathogenic properties. Ogston found the staphylococcus in the pus 
of a case of acute osteomyelitis. 

Struck (" Ueber eine im Kaiserlichen Gesundheitsamt ausge- 
fiihi-te Arbeit, welche zur Entdeckung des die acute infectiose 
Osteomyelitis erzeugenden Microorganismus gefiihr that," Deutsche 
med. Wochenschrifi, 1883, No. 46) obtained from the pus of an 
acute case of osteomyelitis upon gelatin, an orange-yellow culture; 
the identity of this cultivation with the staphylococcus pyogenes 
aureus was soon generally recognized. By injecting a pure culture 
into the circulation of animals which had been subjected a few days 
before to injury of bone, as contusion or fracture, he produced a 
suppurative inflammation at the seat of trauma. 

Even before the microbic cause of acute osteomyelitis was under- 
stood, Kocher (" Die acute Osteomyelitis mit besonderer Riicksieht 
auf ihre Ursachen," Deutsche Zeitschrifi f. Chirurgie, B. xi. S. 87) 
believed that the infection, in some cases at least, occurred through 
the intestinal canal, and made some experiments to prove this point. 
In dogs he produced subcutaneous fractures, and then fed them 
large quantities of putrid material, and, in some cases, succeeded in 
producing suppuration at the seat of injury. In his clinical expe- 
rience he also observed that in many cases of acute suppurative 
osteomyelitis the premonitory symptoms pointed to the gastro- 
intestinal canal as the poHio mt^asioms. T- J 

Krause ("Ueber einen bei der acuten infectioseu Osteomyelitis des 
Menschen vorkommenden Micrococcus," Fortschritte der Medicin, 
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1884, Nos. 7, 8) cultivated from osteomyelitic pus the staphylococcus 
pyogenes aureus and albus, which he also found in the eiFusion in 
joints, when this occurred as a complication of the disease. Injec- 
tion of a pure culture of these cocci into the peritoneal _ cavity of 
animals caused suppurative peritonitis. Intravenous injections, 
with or without previous fracture, were followed most frequently 
by suppuration in joints and muscles. If a bone was fractured 
subcutaneously before the injection, he frequently observed suppu- 
ration at the seat of fracture, and from the pus the staphylococcus 
could again be cultivated. Foci in the kidneys were always present 
in all of these experiments. 

Garre ("Zur Aetiologie acuteitriger Entziindungen," Fortsohritte 
der Medidn, 1885, p. 165) corroborated by his own experimental 
work the observations made by Rosenbach, and, in addition, he 
showed that in acute suppurative osteomyelitis the staphylococcus 
is also present in the blood. 

Miiller (" Die acute Osteomyelitis der Gelenkgebiete," Deutsche 
Zeitsahrift f. Chirurgie, B. xxi. Ilefte 5 u. 6) succeeded in cultivating 
the staphylococcus pyogenes aureus from the yellow granulations in 
cases of acute epiphysary osteomyelitis. ' 

Rodet's (" Etude experimentelle sur 1' osteomyelite infectieuse," 
Compt. rend., 1884, No. 14) researches deserve special mention, as he 
succeeded in producing suppurative osteomyelitis in animals without 
inflicting a trauma before or after the infection. This result could 
only be obtained by resorting to intravenous injections. The puru- 
lent inflammation, which was generally circumscribed, was usually 
located near the epiphysis ; it seldom extended over a considerable 
portion of the shaft. In many cases epiphyseolysis occurred, and 
very frequently a suppurative arthritis of the adjacent joint. In 
the most acute cases, the animals died within twenty-four hours 
without any appreciable changes in the bones. The detection of 
the microbes in the blood was the most difficult ; they were found 
most readily in the kidneys, in which often multiple abscesses were 
found. Subcutaneous inoculation resulted in local suppuration; 
osteomyelitis could not be produced in this manner. Young ani- 
mals were more susceptible to inoculations. According to Rodet, 
the osteomyelitic cultures lose their virulence after thirty to forty 
days. In one of his experiments, which he details very minutely, 
he employed a culture of the thirteenth generation, and produced 
epiphyseal osteomyelitis of both femora, of one tibia, and of one 
humerus. As the result of his observations, he locates as the 
primary seat of osteomyelitis of the long bones the medulla in close 
proximity to the epiphyseal line. "When separation of the epiphy- 
sis was observed, the pathological fracture always occurred on the 
side of the diaphysis. 
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Ribbert (" Die Schicksale der Osteomyelitis-coccen im Organis- 
mus," Deutsche med. Woehenschrift, 1884, No. 24) made investiga- 
tions to ascertain the extent of diffusion of the osteomyelitic cocci 
in the organism. Twenty-four hours after direct injection into the 
circulation he found them in all the organs, later only in the kid- 
neys. In regard to their localization, the following conditions must 
be taken into consideration : 

a. Embolic obstruction of capillary vessels. 

b. Elimination of pus- microbes through the kidneys. 

c. The influence of traumatism. 

Liibbert {Biologische SpaltpUzuntersuohung. Ber Staphylocoeeus 
pyogenes aureus und der OsteomyeUtis-ooGGUs. Wiirzburg, 1886) 
ha,s studied the effect of the staphylococcus pyogenes aureus, the 
microbe most frequently found in osteomyelitis in the different 
tissues. From his experiments he came to the conclusion that the 
intensity of its action varies greatly without a sufficient cause for it 
being known. Inoculations with it of superficial abrasions pro- 
duced no effect. Subcutaneous inoculations resulted in the forma- 
tion of abscesses which at times became quite diffuse. Inoculations 
of granulation surfaces proved harmless. Injections into the pleural 
aud peritoneal cavities were oftenest followed by intense general 
symptoms. Injections into the trachea through a tracheotomy 
wound produced suppurative tracheitis and foci in the lungs. In- 
travascular injections were followed by symptoms indicative of 
sepsis. Foci were also found in the intestinal mucous membrane. 
Feeding experiments proved harmless. 

Kraske ("Zur Aetiologie und Pathogenese der acuten Osteomye- 
litis," Archivf. Idin. Chirurgie, B. xxxiv. S. 701) has studied from 
a clinical standpoint, the manner of infection in cases of acute osteo- 
myelitis. In one case he could trace the infection distinctly to a 
furuncle of the lip ; but, as a rule, he thinks that infection takes 
place through a wound or abrasion of the skin. Infection through 
the intestinal canal he considers possible, but not proven ; more 
frequently it takes place through the respiratory organs, and in one 
case he could locate the infection here with certainty. He asserts 
that recurring attacks should not always be looked upon as the 
result of former infection, but as a consequence of a new infection. 
He formulates the result of his clinical studies as follows : 

a. The staphylococcus pyogenes aureus can produce osteomyelitis, 
and, in fact, is most frequently met with in the osteomyelitic pro- 
ducts. 

6. In a certain number of cases acute osteomyelitis is the result 
of a mixed infection and is then most prone to pursue a severe 
course. 

c. It is possible that the result of further investigation will show 
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that every microorganism that possesses pyogenic properties is capa- 
ble of causing a typical osteomyelitis in man. 

Rinne ("Der Eiterungsprocess und seine Metastasen," ArcUv 
fir klin. Chirurgie, B. xxxix. S. 21), who failed in producing metas- 
tatic abscesses with pure cultures of pus-microbes, rendered four 
rabbits pyajmic by injecting osteomyelitic pus directly into the 
venous circulation. He used pus later from a case of acute osteomye- 
litis with grave symptoms, and diluted it with distilled water, and 
of such a mixture he injected a syringeful into one of the auricular 
veins of four rabbits. One died in twenty-four hours with symp- 
toms of toxsemia, and the autopsy showed nothing but a beginning 
pneumonia of the left lung. The other three animals died seven to 
ten days after, the injection, and in all of them the necropsy showed 
suppurating foci in the kidneys and the heart muscle. No abscesses 
in muscles or suppuration in joints. The plate cultures made from 
the pus used for the experiments showed the staphylococcus aureus 
albus and bacillus pyocyaneus. With the exception of the albus, 
all of the microbes were also cultivated from the pus of the metas- 
tatic abscesses in rabbits. 

In a later examination {Ibid., p. 271) the same author expresses 
the opinion that the indirect causes of suppurative osteomyelitis are 
changes brought about in the medullary tissue by the microbes and 
their ptomaines of general febrile diseases, such as typhus, scarla- 
tina, diphtheria, etc., which prepare the soil for the action of pus- 
microbes, or the disease is produced by direct extension from a 
localized suppurative lesion, as a furuncle, through lymphatic vessels 
or along vessel sheaths or nerve trunk to the medullary tissue. 

The structure and location of the capillary vessels in the vicinity 
of the epiphyseal cartilage in young persons determine the localiza- 
tion of pus-microbes in this part of the long bones, and, almost 
without exception, the inflammatory process starts from here. 

The rapid local diffusion of the process is largely due to the 
unyielding nature of the tissues around the primary focus, and to 
the fact that the bloodvessels are directly concerned in the exten- 
sion of the process by becoming the channels for the dissemination, 
their contents forming the nutrient medium for the pus-microbes. 
Throinbo-phlebitis is a constant and early condition in every case 
of acute osteomyelitis. Coagulated blood is an excellent culture 
substance for the pus-microbes, and it serves the double purpose of 
a nutrient substance, and a medium for the local spread of the dis- 
ease. General dissemination and metastatic foci in distant organs, 
or in other bones, are often observed because the pus-microbes 
re-enter the vascular system again, and by so doing cause a coagu- 
lation-necrosis of the intima and thrombosis; and subsequently 
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intravascular growth and general dissemination from such centres 
of germ growth take place. 

In some cases even during the earliest stages the general symp- 
toms are out of all proportion to the local lesion, presenting a clini- 
cal picture characteristic of intense septic intoxication. It is very 
possible that the ptomaines produced by the pus-microbes in the 
medullary tissue of bone may be more virulent or produced in 
larger quantities than in suppurative inflammations in other organs. 
Again, the ptomaines gain here more ready entrance into the circu- 
lation, as, at least, part of them are produced within the bloodvessels 
and the extravascular products are forced rapidly into the circula- 
tion on account of the unyielding nature of the tissues around the 
primary focus of inflammation. 



CHAPTEE IX. 

GANGRENE. 

Gangrene, resulting from mycosis of the tissues, is caused by 
one of three well defined conditions : 

1. The microbes are so numerous in the capillary vessels that 
their presence interferes mechanically with the blood supply, and 
death of the part ensues in consequence of greatly diminished or 
suspended nutrition. 

2. The microbes in the tissues produce ptomaines which destroy 
tlie tissue by their direct destructive chemical action on the proto- 
plasm of the cells. 

3. The specific inflammation caused by the microbic infection is so 
intense that the inflammatory products in the paravascular tissues 
accumulate so rapidly, and in such abundance, that nutrition is sus- 
pended by impairment or suspension of the arterial blood supply or 
mechanical interference with the venous return of the blood from 
the part, or both of these conditions combined. 

For these reasons no one variety of microbes can be the sole cause 
of gangrene. In its different forms, different microbes will be 
found. In cases of inoculation anthrax, when at the point of in- 
oculation an abundant growth of the bacillus takes place, the con- 
nective-tissue spaces and bloodvessels become so blocked with the 
bacilli that circulation is mechanically arrested, and a circumscribed 
gangrene is the result. In the progressive gangrene which Koch 
produced artificially in rabbits by subcutaneous inoculation of putrid 
fluids, the gangrene always occurred in advance of the line of mi- 
crobic invasion, and must, on that account, have been caused by 
the local toxic effects of the ptomaines. In phlegmonous inflam- 
mation, when the process is very acute and diffuse, gangrene fre- 
quently follows as one of the consequences of the inflammation, and 
the microbe which is found in the gangrenous part is the same as 
that which caused the inflammanition. 

Tricomi (" II micro-parasitica della gangrena senile," Rivista 
internazionale di Medicina e. Chirurgia, 1886) has found a slender, 
long bacillus in the blood of patients suffering from senile gangrene. 
The same bacillus was also found in the secretions of the gangrenous 
part at the line of demarcation in the lymph spaces and in the sub- 
cutaneous connective tissue beyond the seat of gangrene. He culti- 
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vated the microbe successfully upon gelatin, agar-agar, blood serum, 
and potato. The bacillus was readily stained with red and blue 
aniline dyes, and often a spore could be seen either at one of its 
extremities or near its centre. Injection of one-half to one gramme 
of a pure culture grown upon gelatin M'as injected under the skin 
over the back of a guinea-pig, house-mouse, or rabbit, and death 
was produced in from two to three days. A form of gangrene 
resembling senile gangrene was always found at the point of inocu- 
lation, but no changes in the blood or other organs were observed. 
Gangrene could also be produced in other animals by inoculating 
the secretions from the gangrenous part. The researches of Arloing 
and Chaveau are of the greatest importance in the elucidation of the 
etiology of gangrene as it is sometimes observed in connection with 
septic infection. These observers have published the results of 
some recent investigations on the pathology and prophylaxis of 
gangrenous or gaseous septicaemia of man. It is the prevailing 
opinion that this disease is a surgical complication, of which the ex- 
clusive cause is the introduction of a specific microbe into a wound. 
In man the microbe exists in the connective tissue which surrounds 
the wound, and in the contents of bullse, which may be developed 
in its neighborhood. The microbe is a short, thick, mobile rod, of 
homogeneous structure, or else provided with one spore, rarely two, 
at one of the extremities. When the bacillus appears in the blood 
at the end of this disease, and sometimes only after death, its size is 
smaller than in the local lesion, and it may appear in the form of a 
micrococcus. A number of animals, such as the horse, ass, sheep, 
pig, dog, cat, guinea-pig, white rat, rabbit, duck, and other fowls, 
have been successfully inoculated, but the rabbit is not very sus- 
ceptible to this disease, in this respect presenting a marked contrast 
with another form of septicaemia. The most prompt way of pro- 
ducing the disease was found to be by subcutaneous injection. The 
smallest dose capable of causing death when injected into the con- 
nective tissue, never proved fatal when injected into the veins or 
arteries; in the latter case, only a temporary intoxication was pro- 
duced. If a large dose was injected into a vein, death ensued, with 
well-marked septic infection of the serous membranes. It was 
found difficult, if not impossible, to produce the disease by feeding- 
experiments. Attempts to inoculate a healthy wound involvmg 
the skin, connective tissue, and muscles were unsuccessful. On 
the contrary, the microbes of this disease find a favorable soil in 
dead tissues not exposed to air. Protection from the disease is 
affi)rded in sheep and dogs by the successive injection of two or 
three moderate doses of the virus into the circulation. Inoculation 
into the subcutaneous connective tissue of animals thus protected, 
gave rise to a simple circumscribed phlegmonous inflammation 



108 GANGRENE. 

which ran its course in eight days. The pus from such an abscess 
may contain the specific microbe, and may act as the original virus. 
Experiments showed that this disease could be transmitted from 
mother to foetus. Tlie bacillus could be destroyed by heat alone if 
exposed to a temperature from 90° to 100° C. (194° to 212° F.) 
for a quarter of an hour. In the dried state the virus is extremely 
resistant. However, it can be destroyed after immersion in a hot 
bath (120° C, 248° F.) in from ten to fifteen minutes. There can 
be no doubt that the bacillus described here is a saprophyte, and 
that it is identical with one of the bacilli saprogenes described by 
Rosen bach. 

Brigadier-Surgeon Godwin (British Medical Journal, July 23, 

1887) reports a case of progressive gangrene with emphysema, 
starting from an inflamed corn, which extended with such rapidity 
that a week after it commenced it had extended so high as to neces- 
sitate amputation in the thigh. The man suffered from grave septic 
intoxication, the symptoms of which persisted for a number of days 
after the amputation, until the ptomaines had been eliminated. 
Culture experiments with the pus showed the presence of strepto- 
coccus pyogenes and staphylococcus pyogenes albus. 

William Koch (" Milzbrand u. Eauschbrand," Deutsche Chi- 
rurgie, Lieferung 9) states that in a case of progressive gangrene 
with emphysema in a young man, he found a bacillus which resem- 
bled the bacillus of glanders, and proved its identity by cultivation 
and inoculation experiments. 

Ciarrocchi (Virchow u. Hirsch's Jahreshericht, B. xi. S. 642, 

1888) describes a case of metastatic gangrene of the skin, caused by 
infection through a lacerated wound of the last phalanx of the little 
finger. Ten days after the accident the patient became ill, com- 
plaining of chilly sensations, which were followed by fever and 
thirst. The next day yellowish-white spots appeared on the chest, 
which were diagnosticated as gangreena cutanea. Suspecting a 
causal relation between the injured finger and the gangrene of the 
skin, cultures were made from the necrotic tissue upon gelatin and 
the following microbes were isolated : staphylococcus pyogenes 
aureus, staphylococcus cereus albus, and a brown culture in which 
a short bacillus was found. Inoculation experiments could not be 
made as the material was lost, but the results of the microscopical 
examination agreed with those of Demme, which he obtained from 
gangrenous spots in the skin of five children affected with erythema 
nodosa. The latter observer also isolated the two varieties of pus- 
microbes and a short, fine bacillus. This bacillus, when injected 
under the skin of animals, produced gangrenous spots and a nodular 
efilorescence. 

JafFe and Leyden (Beutsches Archivf. Jclin. Medicin, B. ii. S. 488) 
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found leptothrix threads in gangrenous foci of the hnig, and attrib- 
uted to them the cause of the gangrene ; but their presence only 
proved the possibility of the entrance of foreign bodies from the 
mouth into the lungs, and, while they played no essential part in 
the causation of the gangrene, the observation shows in what way 
other and more deleterious microorganisms can enter the lungs with 
the air through the bronchial tubes. 

Bonome {Deutsche med. Wochenschrift, 1886, No. 52) examined 
nine cases of gangrene of the lungs in man, and found in three of 
them staphylococcus pyogenes aureus alone ; in five staphylococcus 
pyogenes alone, and in one both microbes together. He made a 
number of experiments for the purpose of producing gangrene in 
the lungs of rabbits, by injecting pus-microbes into the circulation, 
but the results were negative if only the cultivations were used. He 
obtained positive results by mixing with the cultivations particles 
of the pith of elder, and injecting this mixture into the jugular 
vein. The result was multiple small abscesses, and gangrene of 
the lung. Injection of the pith fragments alone caused no eifect. 
The pith fragments in these experiments determined an, intense 
inflammation in the peri-bronchial tissues by causing alteration of 
tissue, thus preparing the soil for the localization and pathogenic 
action of the pus-microbes. The gangrene of the lung in man does 
not follow in consequence of the croupous inflammation caused by 
the pneumococcus, but its occurrence indicates that secondary infec- 
tion has taken place with one or more varieties of pus-microbes, or 
with saprophytes. 

In compound fractures of the limbs by direct violence, gangrene, 
with or without emphysema, is a comparatively frequent complica- 
tion when infection takes place, as the death of the tissues from the 
trauma, and the nature of the wound, furnish the most favorable 
conditions for the growth of pus-microbes and the bacilli of putre- 
faction. 



CHAPTER X. 

SEPTICAEMIA. 

Septic processes were among the first to excite interest in tlie 
part played by microorganisms in disease, and it is due to this fact 
that so much more has been said and written on septicaemia than 
on any other microbic disease in surgery. Although some of th& 
best pathologists have been diligently investigating this subject for 
years, we still remain in the dark concerning its true etiology, and 
its relation to other infective processes. True sepsis is looked upon 
as a general infection from some local source, unattended by any 
gross pathological changes. Some writers have claimed the differ- 
ence between septicsemia and pysemia to be a quantitative and not a 
qualitative one, while others maintained that pysemia was a specific 
disease sui generis, and that it was in nowise related to sepsis. 
They resemble each other so far, that both are caused by micro- 
organisms. 

History. — The first reliable investigations into the microbic 
origin of sepsis were made by Rindfleisch in 1866, and somewhat 
later by Klebs, Recklinghausen, Waldeyer, and Hueter. Rindfleisch 
found bacteria in abscesses, while the researches of Klebs {Beitrdge- 
zur pathol. Anaiomie der Schussu-vmden, Leipzig, 1872) initiated a 
new era in the etiology of septic diseases. The latter author differ- 
entiated between septicsemia and pysemia, although he claimed that 
putrid and septic infection were the same. He found in the tissues 
altered by septic processes, also in the lymph spaces and in the 
blood, a microbe, a round coccus, isolated and in groups, which he 
termed mikrosporon septicum. Rosen bach {Microorganismen bei den 
Wound-infections Kranhheiten des Menschen, Wiesbaden, 1884) in 
three cases of septicsemia which he subjected to bacteriological ex- 
amination, found the staphylococcus pyogenes aureus present eacli 
time in the pus ; in two of these cases he isolated and cultivated 
from the products of septic inflammation the bacillus saprogenes.. 
In two of the cases no cultivation could be obtained from the blood. 
In two cases of gangrene, with general septicsemic symptoms, the 
microbe found was the streptococcus pyogenes. Intoxication symp- 
toms from the introduction of putrid material, he attributed to the 
presence of one or more varieties of the bacillus saprogenes, which 
he designates, respectively, Nos. 1, 2, 3. No. 1 he cultivated from- 
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putrid blood, and this he believes to be quite harmless, while the 
remaining two possess pyogenic properties. 

No. 1. Large rods, which, cultivated on nutrient agar-agar, form- 
an irregular sinuous streak, with a mucilagiuous appearance. They 
grow also very readily on blood-serum, aud all cultivations yield 
the odor of rotting kitchen-refuse. It is not pathogenic. 

No. 2. Rods shorter aud thinner than No. 1. They develop 
very rapidly on agar-agar, forming transparent drops, which be- 
come gray. They were isolated from a patient suffering from pro- 
fusely sweating feet. The cultivations yielded a characteristic odor 
similar to the last. They are pathogenic. 

No. 3. Rods isolated from the putrid marrow of a case of com- 
pound fracture, cultivated on agar-agar ; an ash-gray, almost liquid 
culture is developed, with a strong characteristic odor of putrefac- 
tion. Injected into the knee-joint or abdomen of a rabbit, they 
cause suppurative inflammation. 

According to Chaveau (" Septicemie gangreneuse," Publ. de 
FAcad. de Med., No. 34, 1884), the microbe of septicamia is iden- 
tical with the vibiHon septique described by Pasteur. Both of these 
authors claim that this microbe is anaerobic, and Chaveau only 
succeeded in cultivating it in a vacuum. He made many experi- 
ments on guinea-pigs, sheep, and horses, by injecting the liquid 
contents of bullae which he found in cases of septic gangrene. In 
doses of one-fifth of a drop in guinea-pigs, and from two to four 
drops in horses, it produced rapid death. In all cases the necropsy 
showed at the point of injection localized oedema and turbid serum> 
in the peritoneal, pleural, and pericardial cavities. In the fluids, 
the microbe could always be demonstrated under the microscope. 
The disease could be reproduced in other animals by inoculation 
with the serous fluid contained in any of the serous cavities. The 
microbe proved less virulent when injected directly into the circu- 
lation. All animals which recovered after intravenous injection 
were protected against any further subcutaneous inoculations. 

Gautier and others have more abundantly proved that not only 
after death, but even during life, the animal organism, by virtue of 
its physiological powers, is able to elaborate the alkaloids to which 
the name of leucomaines has been applied, bodies which are, many 
of them, essentially toxic in their properties, and which resemble so 
closely the poisonous cadaveric alkaloids to which Selmi first called 
attention. 

Watson Cheyne (" Report on Micrococci in Relation to "Wounds, 
Abscesses, and Septic Processes," British Medical Journal, 1884, pp. 
553, 559, 645) asserts that the microbes of sepsis only grow in loco,. 
and act by producing toxic ptomaines, or if they occur in the blood,. 
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they do not make emboli ; they are not always cocci, sometimes 
rods. 

At the last meeting of the German Medical Congress {Berl. klin. 
Woohenschrift, 1888, No. 18) Jiirgensen read a paper on krypto- 
genetic septico-pysemia, in which he referred to 100 cases of this 
disease which had come under his own personal observation, and 
in which it was impossible to locate the source of infection. The 
microbes found were either streptococci or staphylococci, or both 
together, in the same patient. He stated that the streptococcus 
circulated in the blood, while the staphylococcus produced local 
processes. 

Vidal {O-az. hebdom., No. 22, 1888) has reported to the Acade- 
mic de Medecine de Paris the results of his studies of the "forme 
septicemique pure" in puerperal fever, of typhoid type without 
suppuration. In all of his cases he found the streptococcus pyo- 
genes, and from this, and the result of his culture and inoculation 
experiments, he comes to the conclusion that it is impossible, in the 
present state of our knowledge, to distinguish between the various 
forms of streptococci, and that one and the same form can set up 
any of the various forms of puerperal infection. 

Besser (8t Louis Medical and Surgical Journal, 1888, No. 2) 
states that he has examined 22 additional cases of traumatic septi- 
csemia, and found streptococcus in every one of them. During the 
patient's life he discovered the microbe (a) in blood, in 4 of 1 6 
cases examined ; (6) in pus or fluid discharge from the primary 
focus, in 17 of 17 ; (c) in urine, in 3 of 4, and (d) in sputa, in 3 of 
3 ; while after death the microorganism was present (a) in blood, 
in 7 of 15 ; (6) in organs, in 16 of 18 ; and (c) in pus or uterine 
discharges, in 12 of 12. In 6 of 22 staphylococci were simul- 
taneously detected, side by side with masses of bacteria of many 
other species. In 3 cases, however, the streptococcus alone could 
be found. The author supposes that septicaemia is produced solely 
by the streptococcus. The microbe itself penetrates into the 
organism but very seldom. 

From the above historical consideration it becomes evident that 
the essential cause of septicaemia has as yet not been demonstrated. 
The streptococcus pyogenes has been found most frequently in the 
products of septic inflammations, but whether any of the pus- 
microbes alone are capable of producing true sepsis remains to be 
demonstrated by future research. As the introduction into the 
circulation of the products of putrefaction is followed by a com- 
plexus of symptoms which closely resemble septicaemia, and as dif- 
ferent microbes have been cultivated from septic patients, it would 
seem that this disease can be produced by any of the microbes 
which, after their introduction into the organism, have the capacity 



PLATE III. 








Micrococcus growth in the capillaries of the lungs in a case of 
puerperal sepsis, after septic thrombosis of the internal spermatic vein. 
a. Filling the capillaries. 
6. Rupture of one of them. 
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to produce a sufficient quantity of poisonous ptomaines to give rise 
to progressive septic intoxication. 

Artificial Septicaemia in Animals. — In tlie latter part of 
the seventeenth century, Kircher and Leuwenhoek claimed that 
putrid substances contained minute microscopical worms which 
caused the putrefaction. Perty and Naegeli assigned to the minute 
organisms a vegetable origin instead of animalculse, as had been 
previously done, and they were classified under the name of schizo- 
mycetes. In 1857, Pasteur made the important discovery that 
specific agents are the cause of the various forms of fermentation 
and putrefaction. No discovery, perhaps, attracted such universal 
and deep attention as Pasteur's theory of fermentation. This 
theory was strengthened somewhat later by Lemaire's observa- 
tion, that all fermentative changes in fluids are suspended on the 
addition to the fluids of phenic acid, from which he concluded that 
fermentation must be due to living organisms. As for a long time 
all septic affections were supposed to be caused by a process of fer- 
mentation and putrefaction, these theories led to a diligent search 
for microorganisms in the fluids of septic patients, and to experi- 
mentation on animals with putrid substances. Koch, in his great 
work on wound-infective diseases, published in 1878, described 
two distinct varieties of septicaemia, one in mice and the other in 
rabbits. In fifty-four infected mice he found small bacilli in the 
interior of the white blood-corpuscles, and also in the capillaries 
after they were set free by the destruction of the blood-corpuscles. 
They were also found in "the serous cavities and in the lymphatic 
glands and vessels. The bacillus of mouse septicaemia was found 
very difficult to cultivate, and Koch first succeeded in cultivating 
it upon a composition of gelatin with the aqueous humor of the 
€ye of the ox. The growth, however, was very feeble, and succes- 
sive cultivations upon the same soil were uncertain. Later, Loef- 
fler succeeded better with a nutrient medium composed of infusion 
of meat, to which were added 1 per cent, of peptone and 0.6 per 
cent, of common salt, the whole rendered faintly alkaline with 
sodium phosphate. The bacilli appeared upon this clear and 
transparent soil as opacities upon its surface. In rabbits he found 
laro-e oval micrococci free in the capillaries. The progressive 
character of septicaemia was well shown by Koch and Davaine in 
rabbits, as the latter could cause rapid death by injecting a single 
drop of a mixture prepared by adding to a quantity of blood ot a 
rabbit which had died inoculated with a twenty-fourth generation, 
diluted with one trillion times its quantity of pure water. 

Darwin believed that septicaemia could be produced in a more 
and more virulent form with every successive inoculation trom 
animal to animal by the intensity of the virus being increased by 

8 
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passing through different media. Buchner even went so far as to 
claim that perfectly harmless bacteria might thus he made to 
assume pathogenic qualities. Koch and his pupils took a most 
decided stand against such mutability of form, or action of any 
bacteria. 

Coze and Feltz (Recherohes expSrimentales sur la presence des 
infusoires dans les maladies infeciieuses, Strassburg, 1866) produced 
sepsis in animals by injecting putrid substances directly into the cir- 
culation, and could not only demonstrate the presence of bacteria 
in the blood, but were able to propagate the disease from one ani- 
mal to another. 

Gaffky (" Experimentell erzeugte Septicsemie," etc , Mittheilun- 
gen aus dem Kaiserl. Gesundheitsamte, B. i. S. 80) investigated 
Davaine's septicaemia experimentally. He procured the infection 
by using water from a stagnant river, and, by continually control- 
ling the experiments with the microscope, using Koch's methods, 
and working only with pure cultures, he was able to prove beyond 
a doubt that the theories of progressive virulence of bacteria wei-e 
untenable. He showed that the highest degree of virulence was 
already attained in the second generation. He also proved that the 
wrong conclusions were due to impurification in the experiments, 
and that when the proper precautions are taken in the process of 
sterilization to prevent the admixture of other microorganisms, 
the introduction of one kind always produces in the same animal 
the same definite specific result. The most interesting conclusions 
to be drawn from the experiments in Koch's laboratory, point to 
the fact that septicsemia is only a general term which includes a 
number of morbid processes, and this is well illustrated by the 
injection into the tissues of the " vibriones septiques " of Pasteur. 
Surface inoculation with these bacilli produced no effect, their 
pathogenic influence became only evident after injections into the 
subcutaneous connective tissue. Gaffky found that this bacillus 
grows most readily upon potato. Kooh applied to the condition 
produced by this bacillus the term " malignant oedema." A minute 
quantity of these bacilli, taken from a second potato — that is, a 
second generation — injected under the skin of a guinea-pig proved 
fatal on the second day with all the usual signs of malignant 
oedema and septic intoxication. This bacillus is not only contained 
in stagnant water, but can also be obtained from garden earth. 

Sternberg ("Induced Septicemia in the Rabbit," American 
Journal of the Medical Sciences, July, 1882) produced marked 
septicsemia in rabbits by injecting subcutaneously his own saliva 
in small doses. Injections of 1.25 to 1.75 c.c. with few excep- 
tions produced death, usually within forty-eight hours. The con- 
stant and characteristic lesion found was a diffuse cellulitis, or 
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iuflammatory oedema, extending in all directions from the point 
of injection, attendant with an abundant exudation of bloody- 
serum swarming with micrococci. Hemorrhagic extravasations in 
the connective tissue and in various organs were of frequent occur- 
rence, and changes in the liver and spleen such as are common to 
quickly fatal septic diseases, were commonly found. The disease 
could be communicated by dipping a hypodermic needle in the 
blood of a rabbit just dead as the result of an injection of saliva 
and inoculating a healthy rabbit ; a rapidly-fatal septicaemia was 
produced. Ogston states that in cases of septicaemia in man, micro- 
cocci are present in the blood and are excreted in a living state 
in the urine. This statement has been confirmed by Eiselsberg, 
who examined the blood of almost all cases in Billroth's clinic 
which were suffering from septic fever, and was able to demon- 
strate the presence of staphylococci and streptococci, most fre- 
quently of staphylococcus pyogenes albus, in the blood, and yet 
apparently no abscesses formed. 

Smith {Annals of Gynecology, vol. ii. No. 12) isolated and culti- 
vated from two cases of puerperal sepsis a streptococcus which by 
inoculation and cultivation experiments diiFered from the strepto- 
coccus of Fehleisen and the ordinary streptococcus of suppuration. 
He made a series of gelatin cultures with blood taken from the 
heart. After an interval of two or three days many colonies 
appeared. Rats inoculated with a pure culture died in three or 
four days, the microbe being found in their blood. Inoculations 
were also made in the ears of rabbits, and at the end of twenty-four 
hours a circumscribed redness without tendency to diffusion was 
apparent, the redness disappearing in two or three days. Another 
series of cultures and inoculations was made with blood taken 
from the finger of a woman sick with puerperal fever, and this 
produced similar results. 

Dowdeswell (" Report on Experimental Investigations on the 
Intimate ifature of the Contagion in certain Acute Infective 
Diseases," British Medical Journal, July 19, 1884) has ^ made 
numerous experiments to determine the nature of Davame's sep- 
ticaemia of rabbits and Pasteur's septicemia of guinea-pigs 
The former were made by injecting subcutaneously five drops ot 
putrid ox-blood. If infection was produced, which was generally 
the case, death followed within forty hours ; characteristic textural 
changes in organs were not found. One drop of Wood trom 
infected animals caused the death of a second animal. Blood trom 
the second animal, diluted from 10 to 100,000 times, produced a 
fatal eifect in from twenty-four to twenty-seven hours Blood trom 
the sixth generation was diluted ten million times, and still produced 
a fatal sepsis on being injected subcutaneously; while a drop 
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diluted one hundred milliou times produced septicaemia in some 
animals and a localized suppuration in others. The microbe ap- 
peared in the blood as small rods usually arranged in pairs. 
Pasteur's septicsemia of guinea-pigs was induced by injecting into 
the peritoneal cavity a few drops of putrid blood pure, or mixed 
with diluted ammonia. Serum, present in the abdominal cavities 
of animals which had died of this disease, in quantities of 0.005 to 
0.022 c.c. injected into the peritoneal cavity of a second animal 
produced death from sepsis, while one- tenth of the quantity re- 
quired to induce fatal sepsis proved harmless. The virulence of 
this form of septicaemia is, therefore, less than that of Davaine's 
rabbit septicaemia. The bacillus which was found in the serous 
fluid resembled the bacillus of malignant cedema described by Koch. 
The bacillus when cultivated upon a solid nutrient medium pro- 
duced spores. In all of the experiments on animals with septic 
microorganisms, a certain interval of time elapsed between the 
inoculation and the first appearance of symptoms indicating the 
presence of septicaemia. Another constant feature of artificial 
septicaemia, produced by the introduction of septic blood, products 
of the septic process, or cultivations from either oflhese, is that the 
symptoms became more intense as the disease progressed ; both of 
these facts are positive pi-oofs that the active agents which caused 
the septicaemia are reproduced in the body, and that the beginning 
of the disease takes place as soon as a certain amount of virus has 
been formed in the body, and the intensity of the symptoms is pro- 
portionate to the quantity of infective material circulating in the 
blood — in other words, septicffimia caused by the introduction into 
the organism of living septic germs is noted for its progressive 
character, resembling, in this respect, perfect true septicaemia as we 
observe it at the bedside ; differing thus entirely from another 
clinical form of septicsemia which is caused by the introduction 
into the circulation of preformed toxic substances, and which has 
been designated by Mathews Duncan as sapraemia. This form of 
septicaemia I will illustrate by reference to the experiments which 
have been made for the purpose of studying 

Septic Intoxloation in Animals by the Introduction of Putrid 
Substances. 

That putrid substances injected directly into the circulation pro- 
duce symptoms of septic intoxication has been known for a long 
time, and the extensive researches of Panum threw additional light 
on this subject. It was believed that putrid material when intro- 
duced into the organism induced a process of fermentation to which 
were attributed the most constant post-mortem appearances found 
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in septicseraic subjects — fluidity of the blood and softening of tiae 
tissues. That these changes were not necessarily caused by the 
action of living microorganisms was determined by experiments, 
as the introduction of putrid blood, or meat infusion that had been 
boiled for a considerable length of time, produced toxic symptoms, 
and when a sufficient quantity was used, death and identical patho- 
logical changes in the blood and tissues as in cases of true sepsis. 
A step in advance in the study of the action of putrid substances 
was made by the discovery of the ptomaines in an exhumed body 
by Selmi in 1872. The ptomaines isolated by Selmi were volatile 
alkaloids which were separated from a body some time after death. 
Gautier, independently of Selmi, and about the same time, made 
the same observations, but believed that the toxic substances were 
volatile, and that in their action they resembled the narcotics mor- 
phine and atropine, and were more closely allied to the alkaloid 
extracted from poisonous mushrooms. 

Semmer (" Putride Intoxication und septische Infection, Metas- 
tatische Abscesse und Pytemie," Virchow's Archiv, B. Ixxxiii.) 
gives an account of the action of septic substances as studied expe- 
rimentally by Guttmann in the pathological department of the 
Veterinary School at Dorpat. The experiments were made with 
putrid substances, products of inflammation, septic blood, and 
cultivations of septic bacteria. These researches showed that a 
chemical, putrid poison is formed in putrefying substances, and that 
a certain quantity of such poison produces symptoms of sepsis and 
death in animals. The blood of animals killed with such putrid 
poison was found to possess no infective qualities, and the usual 
putrefactive bacteria are destroyed in the blood, and only appear 
again after the death of the animal. It was claimed, even at this 
time, that the bacteria elaborate the poison, as experiments made 
with cultivations grown outside the body produced the same effects. 
Another conclusion arrived at was that putrid substances adminis- 
tered subcutaneously may produce gangrene, phlegmonous inflam- 
mation, or erysipelas, according to the stage of the putrefaction, 
temperature, culture-soil, etc. The infective material was never 
found in the blood, but always in the products of the inflammation. 
A sharp distinction was made between contagious septicaemia and 
putrid intoxication. It was clearly stated that true septicaemia is 
always preceded by a stage of incubation, and that its contagium is 
destroyed by boiling, putrefaction, and germicides. 

Bergmann {Das putride Gift, etc., Dorpat, 1866) isolated froni 
putrid blood a crystallizable chemical substance which he called 
sepsin, which when injected into animals produced a compkxus of 
symptoms resembling true sepsis, with this important difference, 
however, that as soon as the toxic substance reached the circulation 
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the maximum symptoms were observed, and if the animal recovered 
from the immediate effects of the intoxication, it recovered showing 
that the disease induced resulted from the introduction of a pre- 
formed poison, and on this account was not progressive. Later, 
Hiller (" Die Lehre von der Faulniss," Centralblatt f. Chirurgie, 
1876) produced a similar affection with ferments. Bergmann and 
Angerer {Das Verhdltniss der Ferment- Intoxication zur Septiocemie, 
Festschrift zur Feier des 300 jahrigen Bestehens der Jul. Maximilian 
TJniversitdt. Wiirzburg, 1882) produced a condition in animals 
resembling septicaemia by injecting into the circulation pepsin and 
pancreatin. When death occurred after intravascular injections of 
these ferments, fibrinous deposits were found in the heart and pul- 
monary vessels : these experiments were, therefore, confirmatory of 
the observations previously made by Edelberg and Birck, who had 
shown that the injection of putrid substances into the circulation 
materially increased the free fibrin ferment in the circulating blood. 

Blumberg (Virchow's Archiv, B. c. Heft 3) concluded from his 
numerous experiments on animals that the symptoms which follow 
an injection of putrescent material into the circulation are not always 
constant ; that, in fact, extreme prostration, high temperature, rapid 
pulse and respiration, are the only constant symptoms found. The 
same author also confirmed the statement that the blood of patients 
dying from putrid intoxication contained no microorganisms. 

Samuel (Archiv f. Fxp. Pathohgie u. Pharmacie, i. 317) believes 
that putrid fluids from the second day until the eighth month act 
differently, and divides their action, according to this supposition, 
into three stages : 1, phlogogenic, in which they produce only 
inflammation ; 2, septogenic, in which they produce in the living 
organism putrefactive processes ; 3, pyogenic, in which they cause 
only suppuration, having lost in the meantime their other qualities. 

Mikulicz (" Ueber die Beziehungen des glycernis zu Cocco-bac- 
teria septica u. zur septischen Infection," Archiv f. klin. Ohirurgie, 
B. xxii.) found that putrid fluids, according as they are free from 
bacteria, or contain more or less of putrefactive germs, will produce 
a slight inflammation, a suppurative inflammation, or a progressive 
phlegmonous inflammation. 

Bergmann (Verh. der Deutsohen Gesellschaftfilr Ohirurgie, 1882) 
advances the idea that in cases of septicaemia the microorganisms 
enter the colorless blood-corpuscles and by multiplication cause 
their dissolution, during which the fibrin-generators are liberated, 
the process ending in intravascular coagulation and capillary embo- 
lism. In Koch's mice-septicaemia such a chain of pathological 
conditions can be readily demonstrated, but in many cases of fatal 
sepsis in man the microorganisms in the blood are few, no destruc- 
tion of leucocytes can be demonstrated, extravasations and capillary 
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erabolism are absent, hence death cannot be attributed to fibrin 
intoxication. In snch instances we can only assume the presence of 
a soluble ptomaine, which is diifused throughout the entire body 
and destroys life by its toxic properties. 

Frankel (" Ueber Microorganismen der chir. Infections-Krank- 
heiten," Wiener med. Woehenschrift, 1885, B. xxxv.) found but few 
micrococci in_ the blood of septicaemic patients, and observed that 
they greatly increased after death ; but after the lapse of some fur- 
ther time, altogether disappeared, thus also confirming a fact pre- 
viously known, that putrefaction destroyed septic germs. These 
observations may tend to harmonize the discrepancy of opinion 
growing out of the different results obtained by different experi- 
menters by injection of putrid substances, as some of tlie fluids 
may have contained an abundance of living microorganisms, \vhile 
others may have been rendered sterile by age, owing to advanced 
putrefaction. 

Brieger ("Giftige Producte der Faulniss-bacterien," Berliner 
Mill. Woehenschrift, 1884, No. 14) and Maas (" Faulniss-alcaloide," 
Fortschritte der Medicin, 1883) have rendered valuable service in 
the chemical isolation of ptomaines from putrid substances, and the 
results of their inoculation experiments established more firmly the 
fact of putrid intoxication by ptomaines. The number of bacteria 
in rabbits killed by septic infection is so great, that death may 
ensue from simple mechanical causes, while, in fatal cases of sepsis 
in man, the number is often so small that it seems natural to 
suppose that the microorganisms are capable of producing some 
poisonous substance which destroys the patient before they have 
time to multiply to the extent observed in the septicaemia of rabbits 
and mice. 

Hauser (Ueber Faulniss-bacterien und deren Beziehung zur Septi- 
ooemie, Leipzig, 1885) succeeded in isolating three kinds of schizo- 
mycetes from a putrid meat solution, which lie called, respectively, 
proteus vulgaris, mirabilis, and Zenkeri. He claimed that all of 
them changed their form during their growth, appearing at differ- 
ent times as cocci, long and short rods, vibriones, spirilli, etc. (Fig. 
5.) The variety in form, he claims, was influenced by the nature 
of the culture substance. All these bacteria are putrefactive agents 
and the proteus vulgaris and mirabilis are most frequently present. 
The experiments were made by removing organs, or part of organs, 
from animals immediately after death, and placing them in steril- 
ized vessels, where they were inoculated with puee cultivations of 
the proteus. A sterilized emulsion of boiled meat and eggs, inocu- 
lated with a culture of the three kinds of proteus, was transformed 
into a putrescent mass in a short time. That this change was not 
caused by a preformed putrefactive ferment was proved by the fact 
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that when the decomposed mass was filtered through clay cells the 
filtrate did not produce the same effect. A small amount of the 
putrescent fluid injected into the tissues of animals produced intense 
symptoms of intoxication and sometimes death within an hour. 

Fig. 5. 




Proteus vulgaris, 285 : 1. (Hausee.) 

Injections into the subcutaneous tissue of rabbits of a pure culture 
of the proteus vulgaris and mirabilis not infrequently caused exten- 
sive abscesses. An alcoholic extract of the putrid meat proved less 
toxic, but a large quantity also produced sepsis and death. 

Eosenberger (" Experimentell Studien fiber Septicsemie," Qentrcd- 
blattf. d. med. Wiss., 1882, No. 4) studied experimentally on rabbits 
the effect of injections of putrid blood. In one series of experi- 
ments he simply injected the putrid material, in another he boiled 
the fluid before injecting it. The result was the same — typical 
septicsemia, only that the animals infected with the boiled material 
required a larger dose and did not succumb so rapidly to the sepsis. 
Microscopical examination of the blood and culture experiments 
yielded the same results : the presence of bacteria and their growth 
upon culture media. He is of the opinion that in septicaemia 
bacteria are not the first or the essential etiological condition, but 
believes that under certain circumstances innocent bacteria which 
may exist in the body are transformed within twenty-four to forty- 
eight hours into* specific septic bacteria. In his experiments he 
attributed the occurrence of sepsis to the introduction of the septic 
poison, boiled or unboiled. The most interesting proof that true 
progressive sepsis is not the result of the introduction into the cir- 
culation of the products of putrefaction, but of pathogenic germs, 
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has been furnished by Tiegel (Dissertation, Bern, 1871). By in- 
jecting putrid fluids into animals he produced true progressive sep- 
ticaemia. He then resorted to filtration of the fluid through clay 
cells, so as to separate from it any organic germs it might contain, 
and showed that fluid, thus treated, was rendered perfectly sterile, 
and that, when injected, it produced only putrid intoxication and 
no progressive sepsis. 

Rinne ("Der Eiterungs process und seine Metastasen," Arohivf. 
klin. Chincrgie, B. xxxix. S. 21) asserts that the chemical product 
of pus-microbes alone, as well as sterilized putrid fluids, never pro- 
duces metastases. He sterilized fluid cultures of the staphylococcus 
pyogenes aureus after filtration, and injected directly into the blood- 
vessels of rabbits as much as four grammes of this fluid, and in 
dogs increased the dose to fourteen grammes. Many of the animals 
showed slight symptoms of toxaemia, somnolence, diarrhoea, and 
collapse. By using still larger doses the symptoms were intensified 
and the animals died. Metastatic abscesses were never found. 

Hoffa ( Verh. der Deutschen Gesellschaft f. Chirurgie, 1889) has re- 
cently made some very interesting observations on the im mediate cause 
of death in rabbits inoculated with a pure culture of Koch-GaiFky's 
bacillus. The animals were inoculated at the base of the ear, and 
immediately after death the ptomaines were isolated by Brieger's 
method. In every instance he obtained a substance called methyl- 
guanidin, which on chemical analysis was shown to consist of the 
formula CjHylfj. When this substance was injected into rabbits 
it produced symptoms of intoxication which resembled in every 
respect those produced by the injection of the pure cultures 
obtained from septicsemic rabbits. As methylguanidin could not 
be produced from the cadavers of healthy animals by the same 
method, Hoffa naturally came to the conclusion that it was a product 
of the bacteria, and that death was to be attributed to the produc- 
tion of this substance in the tissues of the infected animals. The 
source of methylguanidin in the body is kreatin, and the bacteria 
must possess the property of oxidation, as kreatin is transformed 
into methylguanidin only by oxidation. 

Septicemia in man corresponds with the two forms produced, 
experimentally, in animals : 1. True progressive septicEemia, caused 
by the introduction of microbes into the tissues, where they mul- 
tiply and later reach the blood; where mural implantation and 
capillary embolism and thrombosis take place, which directly inter- 
fere with the proper nutrition and function of important organs,^ 
and where the septic intoxication is caused by the formation of 
ptomaines in the organism. For this form of sepsis Neelsen ( Ver- 
handl. der Deutschen Gesellschaft f. Chirurgie, 1884), has suggested 
the name acute mycosis of the blood, to distinguish it from the 
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second form — 2. Saprsemia, putrid iatoxication, or, as Neelsen 
terms it, toxie mycosis of the blood, in which few or do microbes are 
found in the blood, aud in which death is due entirely to the pres- 
ence of ptomaines. In the first variety it seems that the infection 
is generally due to the presence of pus-microbes which either reach 
the cii-culation directly by permeating the vessel wall, or enter 
indirectly through the lymphatic channels. The latter mode of 
infection gives rise to the most acute and fatal form of septicaemia. 
Saprsemia, or putrid intoxication, represents that form of septicaemia 
in animals in which a preformed toxic agent, as boiled putrid sub- 
stances or a toxic alkaloid, is injected into the circulation, and in 
which the maximum symptoms are reached as soon as the poison 
has become mixed with the blood. This form of sepsis may be 
caused by any microbes, otherwise harmless, or only with slight 
pathogenic pi'operties, as the bacilli of putrefaction, which cause 
putrefaction in any dead tissue, as, for instance, a blood-clot or 
contused tissue ; and the symptoms arise as the ptomaines are ab- 
sorbed, and are proportionate to the amount absorbed, and subside 
with the cessation of absorption and their elimination through some 
of the excretory organs. 

Septico-pycemia. 

Septico-pysemia is a condition in which the symptoms indicate 
the presence of both septicaemia and pyaemia, and in which the 
post-mortem appearances point to septic aud purulent infection. 
Leube (" Zur Diagnose der spontanen Septico-pyaemie," Deutsches 
Arohivf. Min. Medicin, B. xxii. S. 335) first described this affection 
and called it spontaneous, because he was unable to trace the source 
of infection from without in the cases which came under his obser- 
vation. Litten (" Ueber septische Erkrankungen interner Art, 
namentlich hamorrhagische Sepsis interna," Zeitschrift f. klin. Medi- 
cin, B. ii.), on the other hand, was always able, in his cases, to locate 
the infection-atrium, but the primary infection at the time acute 
symptoms appeared had either disappeared or its location could 
only be ascertained by a most careful examination. Jiirgensen 
{Berliner Min. Wochenschrift, ISTo. 18, 1888) calls it "Krypto- 
genetic Septico-pyaemia," as he was unable to find a tangible infec- 
tion-atrium. He gave an account of one hundred cases which had 
come under his own personal observation. The patients were 
usually attacked first with an angina, and, as this stage was gener- 
ally attended by a chill and a general feeling of malaise, the 
patients usually attributed it to a cold. In most cases the general 
infection was announced by a severe chill. Rapid loss of strength 
was one of the most prominent symptoms, so that in a very few 
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■days the patients became utterly prostrated. The symptoms which 
pointed to local processes during life were referred most frequently 
to the luugs, liver, spleen, pleura, heart, and the long bones. 
"Whether the primary infection occurred through the pharynx, 
where the first symptoms were manifested, could not be definitely 
ascertained. In the acute cases, the symptoms were grave from 
the beginning and increased as the infection progressed, while in 
chronic cases, infection is maintained from some suppurating focus, 
and the disease may become prolonged for several years. Subcuta- 
neous and retinal hemorrhagic extravasations were frequently 
observed. The post-mortem examinations revealed suppuration in 
some of the internal organs and vascular conditions which are 
found in cases of sepsis. These cases may be compared with acute 
suppurative osteomyelitis, where often the most careful inquiry 
and the most scrutinizing examination fail in furnishing reliable 
•evidences for locating the primary source of infection. It is possi- 
ble that the pus-microbes have gained entrance through an intact 
mucous surface, or through the skin, and that they have remained 
in a latent condition until a locus minoris residenticB is created 
somewhere in the body, where they localize in a soil prepared for 
their growth and multiplication, or, what is more likely the case, 
they entered through an abrasion or slight lesion, which may have 
been so insignificant that the patient himself failed to notice it, and 
produced no symptoms until, by accident or disease, a proper soil 
was prepared for the initiation of an acute attack in one or more of 
the internal organs. 



CHAPTEK XI 

PYAEMIA. 

The presence of pysemia in over-crowded- and badly-ventilated 
hospitals during the time before the antiseptic treatment of wounds 
came into use, gave rise to the genei'al . belief that the disease was 
due to a specific cause, and ever since bacteriology became a science 
diligent search has beeu made to demonstrate its specific microbic 
origin. Since the discovery of the microbes of suppuration, new 
light has been shed upon the etiology and pathology of this disease! 
Bacteriological studies of pysemic products have shown that one or 
more kinds of pus-microbes are always present, thus establishing 
the direct relationship between a suppurating process in some part 
of the body, and the development of metastatic or pysemic abscesses. 
Clinical experience has only corroborated the scientific investiga- 
tions of this subject, inasmuch as it has shown that the frequency 
of its occurrence has been diminished in proportion to the lessening 
of suppurative inflammation in wounds under the antiseptic man- 
agement of traumatic injuries and internal suppurating lesions. 
We are justified upon the basis of well-established facts in claiming 
that pysemia is not a disease per se, but that its occurrence depends 
upon an extension of a suppurative process from the primary seat 
of infection, and suppuration in distant organs by the transporta- 
tion of emboli infected with pus-microbes through the systemic 
circulation. The distant, or metastatic abscesses contain the same 
microbes which are found in the wound secretions or the abscess 
from which the general purulent infection took place. Experiments 
have shown that a culture of pus-microbes from a furuncle may 
produce pysemia in animals, and that the microbes cultivated from 
a pyasmic abscess when injected under the skin of an animal cause 
only a localized suppurative inflammation without any general 
symptoms. 

Artificial Frodudion of Pycemia in Animals. 

Koch {Uniersuohungen ilber die Aetlologie der Wundinfeotions 
Krankheiien, Leipzig, 1878) produced typical pyemia in rabbits, 
by injecting a putrid fluid, obtained by maceration of the ear of a 
mouse, into the subcutaneous connective-tissue in the inguinal 
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region. A large abscess was foiiud at the point of injection and 
numerous metastatic abscesses in the internal orgaus. In the pus 
of these abscesses he found a micrococcus which he considered as 
characteristic of this atfection. 

Klein {Mici-odrganisms and Disease, 1885) described a micro- 
coccus of pyaemia in mice. Certain cocci which were present in 
pork-broth proved fatal to mice in about a week, producing puru- 
lent inflammation at the point of injection and metastatic abscesses 
in the lungs. Fresh inoculations in mice again produced a fatal 
result with pysemic symptoms. 

Pawlowsky found that, by the simultaneous injection of sterilized 
cinnabar, and of cultivations of staphylococcus pyogenes aureus 
into the circulation, he produced abscesses in various organs — in 
fact, the typical picture of pyaemia. The presence of particles of 
foreign bodies rendered material aid in the development of metas- 
tatic abscesses, as the mere arrest of pus-microbes in the circulation 
without them, as a rule, is not sufficient of itself to lead to the 
production of true pyaemia. In rabbits, even the introduction of 
a large quantity of a culture of pus-microbes into the circulation 
does not produce pyaemia. Twenty-four hours after the injection 
the microbes may be found in large numbers in the pulmonary and 
other capillaries, but after forty-eight hours they have all disap- 
peared from the circulation. If the cocci are suspended in an 
embolus, this latter, by producing alterations in the endothelia of 
the bloodvessels in which it has become impacted produces a locus 
minoris resistenticB favorable to the growth of germs. In the ex- 
periments of Pawlowsky, the particles of cinnabar acted upon the en- 
dothelia lining the capillary vessels in the saaie manner as the frag- 
ments of a thrombus by impairing the local nutrition of the tissues 
at the point of impaction. If pyaemia is produced in guinea-pigs, 
or mice, with infectious pus, or with a pure cultivation of the same, 
the same local conditions are produced which invariably precede 
the development of pyaemia in man. Some of the veins at the 
seat of primary infection are invaded by pus-microbes and become 
blocked by a thrombus, this thrombus undergoes puriform soften- 
ing, small fragments containing pus-microbes become detached, 
and are washed away and enter the general circulation as emboli, 
which, when they become arrested, establish independent centres 
of suppuration. In such cases the pus-microbes are present m 
the blood, in the tissues around the abscess, and in all purulent 
collections. 
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The Eelations of Pas-microbes to Pyaemia in Man. 

Rosenbach {Microorganismen bei den Wundinfections KranMieiten 
des Menschen, "Wiesbaden, 1884) examined six cases of typical 
pycemia with a view to determine the nature of the microorganisms 
present in pysemic patients. He found the streptococcus pyogenes 
present in the blood and metastatic deposits in five of them ; in 
two of these cases, staphylococci were also present, although fewer 
in number. In only one of them he found staphylococci alone, 
and this case recovered. 

Pawlowsky (" Beitrage zur Aetiologie der Pyseniie," Centralblatt 
f. d. med. Wissen., 1887, Nos. 24, 25) made a bacteriological exam- 
ination of the pus of metastatic abscesses in five cases of pyaemia. 
In four cases he found staphylococcus pyogenes aureus, and in the 
fifth case, which was remarkable for the extent of the joint compli- 
cations, he found the streptococcus pyogenes. He believes that the 
staphylococcus aureus is the usual cause of pyasmia, and especially 
of that form characterized by multiple abscesses in the internal 
organs. Large cultures of this coccus suspended in water and 
injected subcutaneously in rabbits caused death, and at the necropsy 
multiple abscesses were found. He believes that pysemia in man 
occurs when disturbances in the circulation are present, so that 
floating cocci find places for localization within the bloodvessels. 
He produced these disturbances artificially by making intravenous 
injections of cinnabar, and ascertained that the presence of the 
granular material determined the localization of the microbes. 

Besser, of St. Petersburg, writes in Wratoh {St. Louis Medical 
Journal, May 2, 1888, ISTos. 19 and 20) that he has examined, 
bacteriologically, blood, pus, and parenchymatous fluid from organs 
in 23 cases of pysemia. In 8 cases, the staphylococci albi and 
aurei were found ; in 14, the streptococci ; and in 1, the strepto- 
cocci and staphylococci simultaneously. The microbes were dis- 
covered, (a) during the patient's life in pus in every one out of 20 
cases examined ; in blood, in 11 of 12: and in parenchymatous 
serum, in 1 of 1 ; (6) after death, in pus, in 17 of 17 ; in blood, 4 
of 9 ; and in organs, 9 of 14. Besser's predecessors described 23 
additional cases of pysemia, in 14 of which staphylococci were 
found, in 7 streptococci. Total, 46 cases : in 22 staphylococci, in 
21 streptococci, in 3 both. Besser has also observed that the 
staphylococcus aureus could transform, under certain conditions, 
into staphylococcus albus, and vice versa. He was unable to dis- 
cover the slightest difference between the microbes of suppuration 
and those of pysemia. 

Schiiller (" Ueber Bacterien bei metastatischen Gelenkentziin- 
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__ . Verh. der Deutschen GreseUschaft f. Chirurgie, J 884) 
examined the contents of metastatic joint affections in twelve cases 
of puerperal pyaemia and invariably found streptococci, single and 
diplococci, but never bacilli. 

_ Okinschitz (Dissertation, St. Petersburg, 1889) made the rela- 
tionship which exists between the pus-microbes and pyemia the 
subject of bacteriological investigation. He found that pyemic 
blood invariably contained either the streptococcus pyogenes or 
staphylococcus pyogenes aureus, demonstrable by cultivation and 
ordinary microscopical examination. As the hsemic microbes 
seldom show any signs of fission, as compared with the bacteria at 
the primary focus, it is reasonable to infer that proliferation take& 
place mainly in the pus and not in the blood, hence the great 
importance of thorough disinfection and destruction of primary 
foci. The number of microbes in the circulating blood bears a 
direct relation to the gravity of the disease ; if they are abundant 
even in the absence of metastases in internal organs the prognosis 
is grave, and if scanty even when metastatic foci exist the prospects- 
of a favorable termination are better. 

The occurrence of pyaemia from suppurating wounds or abscesses- 
does not depend so much upon the kind of pus-microbes which 
have caused the suppuration as upon surrounding circumstances. 
The location and anatomical structure of the tissues in which the 
primary infection has taken place exert an important influence in 
the production of the disease. It is well known that suppurative 
inflammation of the medullary tissue in bone is exceedingly prone- 
to give rise to pyaemia. Osteomyelitis, without direct infection 
through a wound, is always due to an intravascular infection — 
localization of pus-microbes in the capillary vessels of the medul- 
lary tissue. The microbes come first in contact with the endothelial 
cells after mural implantation has taken place, and the resulting 
coagulation-necrosis in the tissues of the wall of the bloodvessels 
leads to thrombosis. The products of the intravascular coagulation- 
necrosis furnish a most favorable nutrient substance for the growth 
and multiplication of germs, consequently the area of intravascular 
infection is rapidly increased. The growth of the thi'ombus in a 
proximal direction soon leads to extensive thrombo-phlebitis, and,, 
as softening of the thrombus takes place, to embolism and metas- 
tatic suppuration. Pyaemia following a suppurative inflammation 
in a wound, or in the course of a phlegmonous inflammation in the 
connective-tissue, is the result of an extravascular infection. The 
pus-microbes coming first in contact with the outer coats of the 
veins, give rise to a phlebitis, which progresses from without 
inward, and which is followed by thrombosis as soon as the intima 
is reached. The intravascular dissemination of the pus-microbes 
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then takes place in the same manner as in cases of intravascular 
infection after thrombo-phlebitis. Ordinary pyogenic microbes 
may and do cause pyaemia if they enter the blood attached to por- 
tions of blood-clot, or other solid materials, which after they have 
become impacted in bloodvessels by embolism, prepare the soil in 
distant organs for their localization and multiplication. The 
importance of thrombosis and embolism as factors in the causation 
of pyaemia has been clearly established by clinical observation and 
experimental research. Emboli may originate in the lymphatic 
vessels when these are the seat of invasion by pyogenic microbes, 
which, however, is very seldom the case. In chronic pyaemia, in 
which multiple metastatic abscesses are formed, embolism takes uo 
essential part in the process, the microbes enter the circulation and 
are brought in direct contact by mural implautation with the tissues 
weakened by injury, or other debilitating, causes. Experimental 
research has shown conclusively that the introduction of pus- 
microbes into the circulation is not necessarily or even usually 
followed by pysemia, and their accidental entrance in the course of 
a suppurative inflammation is not always followed by serious con- 
sequences. There can be no doubt that some pus-microbes reach 
the circulation in nearly every case of suppuration, but their patho- 
genic action is prevented, or neutralized, by an adequate resistance 
on the part of the tissues with which they are brought in contact 
and their rapid elimination through healthy excretory organs. A 
limited number of pus-microbes injected into the circulation of a 
healthy animal, or accidentally introduced into the blood of an other- 
wise healthy person, are effectively disposed of by the white blood- 
corpuscles. If, however, the same number of microbes are present 
in combination with fragments of a blood-clot, the latter produce ' 
such alterations in the tissues surrounding them as to prepare the 
parts for their pyogenic action. The same happens if free pus- 
microbes localize in a part the vitality of which has been previously 
diminished by a trauma, or antecedent pathological changes, which 
constitute a loans minoris resisteniice for the growth and reproduction 
of pathogenic microorganisms. Pysemia, therefore, must be looked 
upon rather as a serious and fatal complication of suppurative 
lesions rather than an independent specific disease. 
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EEYSIPELAS. 

History. — The contagiousness of erysipelas has been recognized 
for centuries, and on this account early attempts were made to 
include it among microbic diseases. 

Nepveau (Virchow u. Hirsch's Jahresbericht, 1872, 1, p. 254) 
found micrococci in the blood of erysipelatous patients, and these 
were present in greatest number in blood taken from the diseased 
part. 

_ Wilde {Wed. Jahrb., B. civ., Heft 1, S. 104) from his own inves- 
tigations was able to corroborate these observations, but he also 
ascertained that the pus of wounds from which erysipelatous 
inflammation starts contains the same micrococci. 

Orth (Arokiv f. Exp. Pathol, u. Pharmakol., B. i. S. 81) found 
micrococci in the contents of the bullae of erysipelas. Reckling- 
hausen and Lukomsky (Virchow's Archiv, B. Ix. S. 418) found 
micrococci in the lymphatic vessels and the connective-tissue spaces 
in the structures affected by the virus of erysipelas. 

Billroth and Ehrlich (Laugenbeck's Arehiv, B. xx. S. 418) found 
micrococci not only in the lymphatic vessels, but also in the blood- 
vessels of the inflamed skin. 

Tillmanns {Deutsche, med. WocheTisohrift, 1878, 'So. 17) found 
them in the skin, and Letzerich (Virchow u. Hirsch's Jahresb., 
1875, p. 69) in cases of erysipelas attacking vaccination-wounds, 
in the wound itself, in the bloodvessels, muscles, liver, spleen, and 
kidneys. Koch (Investigations into the Miology of Traumatic Infec- 
tive Diseases, London, 1880) described the specific organism of 
erysipelas as a small micrococcus of globular shape, united in pairs 
or forming short chains, and published photographic representa- 
tions of them in his work, in which he also describes erysipelas in 
rabbits which he produced artificially by the injection, into the 
subcutaneous tissue of the ear, of mouse's dung softened in distilled 
water. 

Fehleisen (Die Aetiologie des Erysipels, Berlin, 1883) was the 
first who, in 1883, discovered the essential cause of erysipelas and 
succeeded in cultivating the microbes on a number of nutrient 
media. From the appearance of the microbe and its direct etio- 
logical bearings to erysipelas, he called it the streptococcus of ery- 

9 
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sipelas. With a pure culture of this germ he produced by inocu- 
lation, not only only erysipelas in animals to prove its specific 
pathogenic qualities, but inoculations were also made in man for 
therapeutic purposes. 

Description of the Streptococcus Erysipelatosus. — 
Minute cocci, three to four micro-millimetres in diameter, arranged 
in chains, fouud in erysipelatous skin and in the fluid of erysipe- 
latous bullae. They occupy the lymphatic channels of the skin 
and spread along them as the disease advances. Each coccus 
when it is about to divide becomes larger and oval, and soon 
appears made up of two hemispherical masses, the two new cocci 
resulting from fission of the old one. Morphologically, the strep- 
tococcus of erysipelas and the streptococcus pyogenes are nearly 
identical, only that the coccus of erysipelas is somewhat larger, and 
both are somewhat smaller than the staphylococci. 

Cultivation Experiments. — The streptococcus of erysipelas 
can be cultivated upon gelatin or agar-agar. The appearances of 
cultures resemble very strongly those of streptococcus pyogenes. 
There is less tendency, however, to the formation of terraces, the 
margin is thicker and more irregular in outline, and the appear- 
ance of the growth is more opaque and whiter. Eosenbach men- 
tions as another distinguishing feature between the two, that the 
culture of the coccus of erysipelas represents upon solid nutrient 
media the shape of a fern, while the outlines of the cultures of the 
pus streptococcus describe the shape of an acacia leaf. 

The culture appears as a very delicate grayish-white film. The 
growth is very slow, and the individual colonies remain small. 
They do not liquefy gelatin. 

Inoculation Experiments. — The characteristic erysipelatous 
blush is produced by inoculating these microorganisms into the ear 
of a rabbit. 

Krause obtained positive results by inoculating gray mice. 
The animals died after three or four days, even when only a minute 
quantity of the culture was injected under the skin of the back. 
Passet inoculated white mice that had been liberally fed on bread, 
milk, and oats, and obtained only negative results. Of seven 
persons inoculated by Fehleisen (" Ueber die Ztichtung der Ery- 
sipelcoccen auf kiinstlichen Nahrboden und ihre Uebertragbarkeit 
auf Menschen." Sitzungsbericht der Wurzburger Physic, med. 
G-eseUsohafi, 1882) the subjects of incurable tumors, with pure 
cultures, six developed typical erysipelas ; in the seventh case, the 
patient had suffered from an attack of erysipelas only a few weeks 
previously, and was, in all probability, still protected against a 
new attack. This patient was inoculated a second time with a 
negative result. Several times a second inoculation failed after a 
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Chain cocci. 962 diam. 
a. From erysipelas, (Fehleisen.) 
3. From Phlegmon. (After Rosenbach ) 
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successful inoculation. The period of incubation was fixed at 
from fifteen to sixty-one hours. The microbe was only found in 
the lymphatic vessels and connective-tissue spaces, and when the 
culture was pure never produced suppuration. 

Whitney (" Notes on Blood-changes in Erysipelas," Philadelphia 
Medical Times., 1883) claims that he found the streptococcus 
erysipelatosus in the blood in five out of six cases of erysipelas. 
Most all authorities who have studied the subject with the greatest 
care assert, however, that it is only found in the lymphatic vessels 
and never in the bloodvessels. 

Inoculation for Therapeutic Purposes. — Fehleisen has 
seen by this treatment a cancer of the breast become smaller, a 
lupus disappear almost completely, while a case of fibro-sarcoma 
and another of sarcoma were not materially affected by this method 
of treatment. 

Kleeblatt {Muneh. med. Wochenschrifi, March, 1890) reports the 
case of a lympho-sarcoma followed by infection of the cervical 
glands, in which the tumors diminished markedly in size under 
the influence of an intercurrent attack of erysipelas, but continued 
to develop after this had passed off. The patient was afterward 
intentionally inocnlated with a pure culture of the streptococcus of 
erysipelas, but the effect was, as before, only a temporary one, as the 
tumors steadily increased in size, the patient dying of exhaustion. 
In another case of lympho-sarcoma of the neck, erysipelas was 
inoculated with good results, as the tumor was found to have dis- 
appeared on recovery from the disease. In a third case of lymph- 
adenoma of the lower eyelid, the size of a pigeon's egg, this suppu- 
rated during an intercurrent attack of erysipelas, and afterward 
disappeared completely. 

Janicke and Neisser (" Exitus letalis nach Erysipelimpfung bei 
inoperablem Mamma-carcinom und microscopischen Befund des 
geimpften Carcinoms," Centralblattf. Chirurgie, 1884) have recorded 
a death from the erysipelas thus intentionally produced, in a case 
of cancer of the breast beyond the reach of an operation. A pure 
culture was used. At the post-mortem it was proved that the neo- 
plasm had almost completely disappeared, and the microscopical 
examination of portions that had remained appeared to show that 
the tumor cells had been destroyed through the direct action of the 
microbes. Biedert (Vorlaufige Heilung eiuer ausgebildeten Sar- 
comwucherung in einem Kinderkopf durch Erysipel," Deutsche 
med. Zdtung, 1886, No. 5) .saw in a child suffering from a sarcoma 
involving the posterior part of the cavity of the mouth and pha- 
rynx, the left half of the tongue, the naso-pharyngeal space and 
the right orbit, the tumor disappear almost completely during an 
attack of erysipelas. Cases, on the other hand, have been reported 
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in which after an accidental or intentional attack of erysipelas the 
malignant tumor commenced to grow rapidly, Neelsen (" Kapide 
Wucherung und Ausbreitung eines Mammacarcinoms nach zwei 
schweren Erysipel-Anfallen von 15 resp. 10 tagiger Dauer," 
CentralblaM f. Chirurgie, 1884, p. 729) describes a case of carci- 
noma of the breast, in which after two severe attacks of erysipelas 
the tumor not only commenced to grow faster, but at the same time 
regional infection progressed also more rapidly. 

Babtchinsky {Bulletin MSdical, 1890) made the accidental dis- 
covery that the microbe of erysipelas is a direct antagonist to the 
virus of diphtheria. His son, while suffering from a most severe 
case of diphtheria, was suddenly attacked by erysipelas. _ This 
complication, grave of itself, seemed to hasten the fatal termination 
of the case, and during the first few hours of the eruption the 
patient was much worse. But the next day the symptoms had 
much improved, and the patient made a rapid recovery. Follow- 
ing this indication, Babtchinsky inoculated a second case of diph- 
theria with a culture of the microbe of erysipelas grown on agar- 
agar, and with an equally happy result. Since this time, of four- 
teen cases of diphtheria treated with these inoculations, twelve 
resulted in recovery, and as in the two cases resulting fatally the 
inoculation produced no effect, these negative results only tend 
to confirm the efficacy of the curative inoculations. It is remarkable 
that in all the cases where erysipelas was produced artificially this 
disease pursued a mild course, and the patients recovered rapidly 
from both diseases. 

Schwimmer (" Ueber dem Heilwerth des Erysipels bei verschie- 
denen Krankheitsformen." Wiener med. Presse, No. 15, 16, 1888) 
gives an account of 11 cases of lupus, in all of which no improve- 
ment was observed after an intercurrent attack of erysipelas. In 
a case of keloid an attack of erysipelas was followed by marked 
improvement, and in a case of lipoma a similarly favorable effect 
was observed. Syphilitic lesions he saw temporarily improved, 
while the erysipelas had no effect in permanently influencing the 
course of the disease. 

Bruns {Monatschrifi /. praht. Derm., B. viii.. No. 4) gives an 
account of the effect of erysipelas on tumors in 22 patients. 
Amongst these, three cases of sarcoma were permanently cured. 
Two cases of multiple keloid after burns were also cured. In four 
cases of lymphoma of the neck some of the glands disappeared and 
some became smaller. In five cases the erysipelas was artificially 
produced by inoculation with a pure culture. In three cases of 
carcinoma of the mamma one was not changed, one became one-half 
smaller, and one was reduced to a small induration in the scar the 
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size of a pea. A multiple fibro-sarcotna was greatly benefited 
■while an orbital sarcoma was not improved. ' 

In view of the uncertainty of the result, and the danger which 
attends the intentional form of erysipelas, the danger of the dis- 
ease being as great as in the accidental form, it is safe to predict 
that no further inoculations will be made in man until we shall 
have found a certain antagonistic action of the streptococcus of 
erysipelas against some pathogenic microbes which are the cause of 
some grave disease not amenable to less heroic measures. 

Manner of Infection.— As the streptococcus of erysipelas 
produces its pathogenic efiects in the lymphatic vessels and diffuses 
itself through these channels in the tissues, it becomes obvious that 
infection takes place as soon as localization is effected in the lym- 
phatic structures, or in the spaces contributory to them. Before 
antiseptic surgery was practised, infection frequently occurred 
through accidental or intentional wounds. Even before the 
microbic cause of erysipelas was known, one of the closest of clini- 
cal observers (Trousseau) claimed that infection with the virus of 
erysipelas is only possible through some wound or abrasion of the 
skin ; the latter may be so insignificant as to be unnoticeable, and 
entirely overlooked by the patient and physician. Inoculation 
experiments have shown that the time of incubation is from fifteen 
to sixty-one hours, so that we can estimate the time quite accurately 
in a case of beginning erysipelas when the infection occurred. 
In most instances infection takes place through some wound, a 
slight abrasion of the skin, which may, perhaps never have attracted 
the patient's attention, and which has become invisible at the time 
the disease is first noticed. Infection, however, may also take 
place through a mucous surface, through which the microbes enter 
the tissue in the same manner, and under the same conditions as 
when infection takes place through the skin. One of the severest 
oases of erysipelas that ever came under my observation commenced 
in the pharynx, or tonsils, and as the symptoms subsided here, a 
typical and severe facial erysipelas developed. The patient was 
sufiering at the time from secondary syphilis. 

Relation of Erysipelas to Puerperal Fever. 

Obstetricians recognized the danger of exposing puerperal 
women to the infection which might emanate from erysipelatous 
patients, long before the tangible contagion of erysipelas was 
known. Since the discovery of Fehleisen, this subject has attracted 
renewed attention, and positive knowledge has accumulated both 
from accurate clinical observation, and from the fertile, and more 
positive field of experimentation. 
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Gusserow ("Erysipelu. Puerperalfieber.'MrcAiv. /. Cryndhologie, . 
1887, p. 169) asserted upon the basis of aa extensive experience, 
that no direct etiological relations exist between the contagion of 
erysipelas and puerperal fever. He had under his care puerperal 
women suffering from erysipelas of the skin without any serious 
disturbances following in the genital tract. In ten other cases, one 
of them occuring during an epidemic of puerperal fever, the ery- 
sipelas was observed as a complication of septic affections of the 
genital organs. Gusserow asserts that, in this case, it cannot be 
claimed that the erysipelas could have caused the puerperal affec- 
tion, as the latter preceded the former. But another point could 
be raised, as it might be claimed that the septic processes should be 
made answerable for the occurrence of erysipelas. The author has 
studied this subject also by way of experiment. A pure culture of 
the streptococcus erysipelatosus, which had been tested and found 
reliable in producing erysipelas by the usual methods of inocula- 
tion, was injected into the peritoneal cavity of two rabbits ; in two 
others it was applied to an open wound of the abdomen, and in the 
last two animals it was injected into the subserous connective tissue 
of the peritoneum. In all of these animals no effect was produced, 
and no pathological changes were detected at the point of injection 
when the animals were killed some time after the inoculation. 
Gusserow looks upon the results of these experiments, if not as 
positive proof, nevertheless as strong evidence against the claim 
that erysipelas can cause puerperal sepsis. 

Winckel (" Zur Lehre von dem internen puerperalen Erysipel,": 
Verh. der Deutsahen Gesellsohaft f. Gynakologie, 1 Congress, p. 78), 
an equally reliable and able observer, has come to entirely opposite 
conclusions. He cultivated from a parametric abscess which had 
developed after childbed, Fehleisen's streptococcus. Injections of 
this culture in rabbits produced typical erysipelas. The same 
author also observed erysipelas following, in a puerperal woman 
suffering from suppurative peritonitis, pleuritis, and metro-lymph- 
angitis. The patient died on the thirteenth day. The starting- 
point of the erysipelas could be traced to an ulcer of the vulva. 

Blood taken from the right side of the heart soon after death was 
inoculated upon a solid nutrient medium and produced a culture of 
the streptococcus of erysipelas. The same culture was obtained by 
inoculations with fluids taken from the peritoneal and pleural cavi- 
ties, the uterus, kidneys, and liver. In three cases a culture thus 
obtainedwas injected into the peritoneal cavity of rabbits and no 
peritonitis followed. In one experiment it produced suppurative 
peritonitis. Guinea-pigs proved less susceptible to infection than 
rabbits. In white mice the inoculations were invariably followed 
by a fatal disease. From the results of these experiments, the 
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author claims that the virus of erysipelas is one of the most viru- 
lent puerperal poisons, and believes that they prove the causal rela- 
tions of erysipelas to puerperal sepsis. 

Doyen {British Medical Journal, 1888, ix. 93, has also found, both 
in mild and severe cases of puerperal fever, a streptococcus similar 
to the one described by Eosenbach and Fehleisen. He made some 
inoculations to determine their relationships. The streptococcus 
found in the lesions of puerperal fever caused erysipelas, and the 
streptococcus found in erysipelas developed puerperal fever. The 
author believes that the micro ae of puerperal sepsis is the same as 
that of erysipelas. 

Puerperal sepsis from the virus of erysipelas can only be feared 
when the virus is brought in contact with an absorbing surface in 
the genital tract, but when this takes place and the streptococci 
reach the enlarged lymphatic vessels of the puerperal uterus, the 
most violent and fatal form of puerperal sepsis is almost certain to 
follow. 

Relation of Erysipelas to Phlegmonous Inflammation and 
Suppuration. 

Some difference of opinion still exists among pathologists with 
regard to the question whether the streptococcus of erysipelas pos- 
sesses pyogenic properties. The majority of those who have studied 
this subject experimentally deny this, and assert that when suppura- 
tion takes place in cases of erysipelas it is the result of a secondary 
infection with pus-microbes, and, on this account, look upon phleg- 
monous inflammation as a complication, and not as a condition 
belonging to the erysipelatous process. 

Hajeck (" Das Verhaltniss des Erysipels zur Phlegmone," Deutsche 
med. Wochensehrift, 1886, No. 47) has made careful investigations 
to show that the streptococcus of erysipelas is neither in form nor 
culture materially different from the streptococcus pyogenes, but he 
showed, also, that in fifty-one cutaneous or subcutaneous inocula- 
tions with a pure culture of the streptococcus of erysipelas in rab- 
bits, the result was always a superficial migrating dermatitis which 
resembled to perfection erysipelas in man, whilesimilar injections 
with the streptococcus pyogenes produced a more intense and deeply 
seated inflammation, which in almost every instance terminated in 
suppuration. The difference in the action of the two microbes on 
the tissues plainly demonstrated their non-identity. Microscopical 
examination of the inflamed tissues showed a still more important 
difference as far as the localization and local diffusion of the microbes 
were concerned. The coccus of erysipelas was always found with 
the products of inflammation loithin the lymphatic vessels, and only 
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exceptionally in the connective-tissue spaces, which anatomically 
are only a part of the lymphatic system. The streptococcus pyo- 
genes penetrates the tissues more deeply ; it is not only found in 
the lymphatic vessels, and connective-tissue spaces, but it migrates 
beyond the lymphatic system and infects different kinds of tissue, 
thus giving rise to a more deeply seated and more intense inflam- 
mation. The cocci of erysipelas are found only exceptionally in 
the immediatete vicinity of bloodvessels, while the streptococcus ot 
suppuration can always be seen arranged in radiate lines around 
vessels entering the adventitia, the muscular coat, and often even in 
the lumen of the vessel. In man, the same histological differences 
can be seen in erysipelas and phlegmonous inflammation as in the 
artificial conditions in animals subjected to experiment, and the 
same pathological differences are also constantly found. The author 
asserts that Fehleisen was in error when he claimed that the forma- 
tion of abscesses occurred independently of the erysipelatous infec- 
tion. He afiirms that, in rabbits inoculated with the virus of 
erysipelas after the acute inflammation has subsided, circumscribed 
small nodules which remain may suppurate, but the suppurative 
process remains circumscribed, while after injection with cultures 
of the streptococcus pyogenes the inflammation assumes a phleg- 
monous type, and the suppuration is always more diffuse. Under 
certain circumstances, a circumscribed subcutaneous suppuration 
can also take place in erysipelatous inflammation in man. When 
suppuration in a joint takes place, however, it is not caused by the 
erysipelatous infection, but is due to the presence of pus-microbes. 
Death following erysipelas is caused by the introduction into the 
blood of ptomaines in sufficient quantity to produce fatal intoxica- 
tion, or by the entrance of the cocci into the circulation, which 
seldom takes place, or it results from complications incident to the 
disease occurring independently of it. In the discussion on this 
paper Eiselsberg said, from the knowledge he derived from his own 
personal experimental work, he would agree with Passet in that the 
streptococcus erysipelatosus and pyogenes do not differ in their 
pathogenic effects. They are not different species of microbes, but, 
at the most, only varieties of the same species. Passet found that 
the streptococcus which he cultivated from a phlegmonous abscess 
was different from the one described by Rosenbach, inasmuch as in 
culture it resembled the coccus of erysipelas. 

Von Noorden (" Ueber das Vorkommen von Streptococcen im 
Blut bei Erysipel," MunoJiener med. Woohenschrift, No. 3, 1887) 
records an observation which tends to prove that the coccus of ery- 
sipelas occasionally enters the circulation, and that, when it localizes 
in distant parts of the body, it can produce suppuration. In the 
course of a severe attack of erysipelas which proved fatal, suppura- 
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tion of the sheaths of the tendons of the hand occurred. Soon 
after death blood was taken from the heart, and with it a solid 
nutrient medium was inoculated, with the result of producing a 
culture which in every respect resembled the streptococcus of ery- 
sipelas. 

Simone observed a case of pyaemia which developed in a patient 
suffering from erysipelas, and the bacteriological study of this case 
led him -to assert that the streptococcus of suppuration and of ery- 
sipelas were the same. His experiments on animals with both 
organisms yielded the same results. 

Eiheiner (" Beitrage zur pathologischen Anatoniie des Erysipels 
bei Gelegenheit der Typhus-epidemie in Ziirich," 1884, Virchow's 
Archiv, B. c. S. 185) found Fehleisen's streptococcus in all cases of 
traumatic erysipelas which he examined, but was unable to find it 
in two cases of gangrenous erysipelas following typhus. In these 
cases he found bacilli which he believed were identical with Klebs- 
Eberth's bacillus of typhus. 

Max Wolff (" Bacterienlehre bei accidentellen Wund-Krank- 
heiten," Vircho'w's Arehiv, B. Ixxxi. S. 408), from a review of this 
subject, and a number of original observations, came to the conclu- 
sion that certain micrococci produced some chemical poison which 
occasioned erysipelas. 

The distinction, moreover, between erysipelas and phlegmonous 
processes was formerly not accurately made, and Tillmanas even 
believed that the germs of erysipelas could produce septic disease. 

To complicate this subject still more, Bonome and Bordini (Cen- 
tralhlattf. Chirurgie., No. 7, 1887) claim that they have found the 
staphylococcus in two cases of erysipelas. The authors assert that 
in the fluid removed from the bull^ of a case of facial erysipelas 
they found the staphylococcus pyogenes aureus and no streptococci. 
Culture experiments'were made, and the product was a luxuriant 
growth of the yellow coccus. Inoculations in rabbits yielded 
positive results with recovery. 

The second case was one of phlegmonous erysipelas of the face, 
from which they cultivated the staphylococcus pyogenes citreus. 
Inoculations with this culture were again followed by positive 
results. From these observations the authors conclude that other 
microorganisms than the streptococcus of Fehleisen can produce 
erysipelas. At a recent meeting of the Academy of Medicine in 
Paris, Doyen read a paper on the relations existing between ery- 
sipelas and puerperal fever. By means of clinical observations 
and experimental inoculations the author claimed to have demon- 
strated that the puerperal streptococcus, which is the microorganism 
characteristic of that affection, almost always produces erysipelas 
and a small abscess in the rabbit. In women, it often produces 
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erysipelas, phlegmonous inflammation, or purulent pleuritis. The 
streptococcus of erysipelas produces the disease in rabbits almost 
invariably, and sometimes phlegmons or peritonitis in man. The 
streptococcus of pus sometimes produces erysipelas in the rabbit. 
These three streptococci are similar in cultures and appear to be 
one and the same whose manifestations may vary. 

Smirnoif found in one case of erysipelas the specific microbe in 
the metacarpo-phalangeal joints of the left hand which was the seat 
of the disease. In the case of a man who had died of erysipelas 
enormous colonies of the streptococcus were found in the right 
shoulder and knee-joints. The synovial fluid injected into rabbits 
occasioned erysipelas migrans. 

Verneuil and Clado ("De I'ldentite de I'Erysipele et de la 
Lymphangite-aigue," Compt. rend., T. 108, No. 14) found in the 
pus of four cases of typical suppurative lymphangitis only the 
cocci of erysipelas, and by inoculations with them produced ery- 
sipelas artificially in rabbits. The authors consequently came to 
the conclusion that erysipelas and lymphangitis are only two forms 
of one and the same acute, infectious, parasitic disease. 

Kahlden (Centralblatt f. Bacteriologie und Parasiten-hmde, B. i. 
S. 22), after a careful study of the recent literature on erysipelas 
and the difierence in opinion on the pathogenic properties of the 
streptococcus erysipelatosus, remarks that the subtility in the difier- 
ences between the morphology and the cultures of the microbe of 
erysipelas and the streptococcus of suppuration are undoubtedly 
the reason why no uniformity of opinion exists in regard to their 
specific pathogenic effects, especially as to the possibility of Fehlei- 
sen's streptococcus producing suppuration. To this I might add 
that not every superficial diffuse inflammation of the skin is ery- 
sipelas, and not every abscess occurring during, or soon after, an 
attack of erysipelas should be considered as a product of this 
disease. The surgeon will do well to hold to the teachings of 
Fehleisen, until more convincing proof shall have been furnished 
of the pathogenic identity of the streptococcus of erysipelas and 
the streptococcus of suppuration. 



CHAPTEE XIII. 

EEYSIPELOID. 

A NEW form of infective dermatitis, which in many respects 
resembles erysipelas, has been recently described by Rosenbach 
(" Ueber das Erysipeloid," Archiv f. Min. Chirurgie, B. xxxvi. 
Heft 2) under the name of erysipeloid. It attacks usually the 
fingers and exposed portion of the hand, and is most frequently 
met with in persons who handle game or dead animals, as cooks, 
butchers, fish-dealers, and tanners. The affection starts from some 
minute abrasion of the skin, as a bluish-red infiltration which 
slowly advances in a proximal direction. The inflamed parts are 
the seat of a burning, smarting sensation. While the skin at the 
point of infection returns to its natural condition and color, the 
zone of infiltration becomes larger as it continues to spread until 
the disease appears to exhaust itself in the course of from one to three 
weeks. The infectious material is contained in decomposing animal 
substances. The infection may take place in any abraded part of 
the body which comes in contact with material containing the virus. 
The general health is not affected and the temperature remains 
normal. The disease travels very slowly, so that if infection takes 
place in the tip of a finger, it reaches the metacarpus in about eight 
days, and during the next eight days it spreads over the back of 
the hand, from where an adjacent finger may become infected, the 
extension then taking a direction opposite to the lymph current. 
Repeated experiments to obtain a culture failed, until in November, 
1886, the author succeeded in cultivatiug it upon gelatin from a case 
in which the disease could be traced to infection from old cheese. 
The author injected a pure culture under the skin of his own arm 
at three different points. After forty-eight hours he experienced a 
smarting, burning sensation at the points of injection, at the same 
time a circumscribed redness appeared around each puncture, which 
soon became confluent. On the fifth day each puncture was sur- 
rounded by a zone of inflammation the size of a silver dollar, 
somewhat elevated above the niveau of the surrounding skin. 
While the centre of this red patch became pale, the zone of inflam- 
mation continued to enlarge. In the inflamed area the capillary 
vessels could be seen enlarged, presenting in the zone an arterial hue 
with a slight tinge of brown, while inside of the zone the color was 
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a livid brown. In the skin which returned to its normal pale color, 
slight suggillations appeared as though some of the red blood- 
corpuscles in the tissues had been destroyed during the progress of 
the disease. The disease appeared to have completely subsided on 
the eighth day, when the same smarting sensations returned, and a 
new zone appeared around the old one. On the tenth day the area 
measured in its transverse diameter twenty-four centimetres, and in 
the parallel direction of the arm eighteen centimetres. After this 
the affection disappeared permanently. During all this time the 
general health remained unimpaired, and the temperature varied 
from 36.8° to 37.2° C. (98.2° to 99° F.). A microscopical exami- 
nation of the pure culture showed that it was composed of swarms 
and heaps of irregular, round and elongated bodies larger than the 
staphylococci. The author iirst believed that these bodies were 
cocci, but later he saw a network of intertwining threads and 
decided that they were thread-forming microbes. In old cultures, 
the threads were very abundant and arranged in every possible way 
and direction. These threads looked as though branches were 
given off, but on closer examination it could be seen that no organic 
connection existed between them. Terminal spores at the tips of 
the threads were numerous and could not be stained. Neither the 
microbe nor the^ threads manifested motile power in the culture, or 
when suspended in water. A gelatin culture became visible on 
the fourth day as a delicate cloud which increased in size very 
slowly at a temperature of 20° C. (68° F.). The older cultures 
change into a brownish-gray color, and then resemble the culture 
of the bacilli of mice septicaemia. In cultures four months old the 
growth was not entirely suspended. 

The author, as yet, has not given a name to this microbe, but 
believes that it belongs to the " cladothrix " variety of microorgan- 
isms. He wished to ascertain the action of this microbe on lupus, 
but in several cases in which it was tried the inoculations failed. 
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NOMA. 

The most violent of the local effects of bacteria are seen in 
various affections which terminate in gangrene, such as traumatic 
gangrene and noma. Here, it is not a case of death of the tissues 
as the result of violent infiamtnation, so much as a direct iiilling of 
them by the ptomaines of the bacteria. In acute progressive gan- 
grene, bacilli have been found which are apparently the cause of 
the disease. In noma, long bacilli are present, which Lingard 
has demonstrated to be the cause of the disease. In gangrenous 
stomatitis in the calf, which affects this animal at particular seasons, 
he has found bacilli which are very similar in appearance to those 
present in noma in man. On cultivation they present characters 
which render them easily distinguishable from other bacteria, and 
on inoculation of these organisms into the calf a gangrenous sto- 
matitis is again produced. 

Ranke's •(" Etiology and Pathological Anatomy of Gangrene 
resulting from Noma," Archives of Pediatrios, April, ] 888) inves- 
tigations on noma led to the following conclusions : Different forms 
of gangrene resulting from noma can unquestionably occur sponta- 
neously in children who have a tendency to disease of this character 
— that is, without contact with other cases of noma. The frequent 
occurrence of cases of noma in public institutions, and the apparent 
preference of the disease for localization upon the mucous membrane 
of the different openings of the body, suggest that the origin of it 
may be referred to the penetration from without of microorganisms. 
In the zone of tissue contiguous to that which has undergone 
necrosis from noma may be found cocci which have almost the 
characteristics of a pure culture. At the periphery of the necro- 
biotic zone which has been invaded by cocci the connective-tissue 
is found to be in an active state of nuclear proliferation. The 
entire condition is suggestive of the tissue necrosis in field mice, 
which is caused by a chain coccus, and has been described by Koch. 
Up to the present time the specific nature of the cocci which are 
found in noma has not been shown. In the tissues which limit 
the necrotic areas are found peculiar degenerative processes in the 
nuclei which in some cases suggest karyokinesis. These changes 
in the nuclei appear to belong to necrosis in general. 



CHAPTEK XV. 



TETANUS. 



History. — The infectious nature of tetanus was well known 
and established before the discovery of the bacillus tetani. In 
1859 Betoli related the case of a bull that died of tetanus after 
castration. Several slaves ate some of the flesh of the dead animal 
and of these, three were in a few days seized with tetanus, two of 
them dying. He adds further that in Brazil, whei'e this occurred, 
the flesh of animals dead of tetanus is generally regarded as capa- 
ble of transmitting the disease. In 1870 Anger reported a case in 
which a horse had" spontaneous tetanus, after which three puppies 
which had been in the same stable were also affected. Kelly in 
1873 had three cases in the same week, all arisiqg in a civil hospi- 
tal, and a few days later there was a fourth case in a neighboring 
hospital. 

Larger in 1853 saw a woman who had a fall while cleaning a 
farm-yard, causing a slight wound of the elbow. Foqr weeks 
later, she was seized with tetanus, and on investigation it was found 
that a horse aifected with that disease had been in a stable opening 
into the yard where she fell. He also mentions that in a small 
village where tetanus was previously unknown, five cases appeared 
in eighteen months under quite different climatic conditions. Of 
these, one had been taken to a hospital, after which two others in 
the same ward became affected. 

Verhoogen and Baert have recently published an article upon 
the nature and etiology of tetanus, in which these authors cite the 
well-known endemic character of the disease in our Southern States, 
Cuba, Ceylon, a number of the Pacific Islands, and other localities, 
and quote a large number of circumstances that suggest the occa- 
sional epidemic type of the afiiection as met in man and some of 
the lower animals. Among a number of clinical and experimental 
occurrences suggesting the probability of the transmissibility of 
the malady, and the likelihood of the agent of transmission exist- 
ing in unclean instruments, Thiriar's experience is narrated. This 
operator was unfortunate enough to lose ten cases of major opera- 
tions by tetanus before he determined the seat of the infection to 
exist in his haemostatic forceps, the thorough sterilization of which 
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by heat was happily followed by a complete cessatioD of the unde- 
sirable sequences. 

Although the infectious nature of tetanus was suspected for a 
long time, it is only quite recently that the real microbie cause was 
discovered almost simultaneously by Nicolaier and Rosen bach. 
Nicolaier showed the exogenous origin of the disease by finding a 
bacillus in earth which produced tetanus in animals by inoculation. 
Rosenbach found a similar bacillus in the pus of a patient suffering 
from traumatic tetanus. The identity of the bacillus of tetanus 
with Nicolaier's bacillus of earth tetanus was demonstrated in 
Koch's laboratory April 10, 1887. 

— Description of the Bacillus Tetani. — Rosenbach describes 
the bacillus as an anaerobic microorganism which presents a bristly 
appearance, with a spore at one of its extremities which gives it the 
resemblance to a pin, or drumstick. According to Kitasato, the 

Fio. 6. 




Tetanus bacilli bearing spores from an agar culture. X 1000. 
(Feankel and Pfbiffer.) 

bacilli produce spores in 30 hours in cultures kept at a temperature 
of the body. They manifest great resistance to heat, as they have 
been found active after an exposure of one hour to 80° C. (176° F.) 
moist heat, and are only destroyed by placing them in a steam appa- 
ratus heated to 100° C (212° F.) for five minutes. The bacillus has 
been found in different kinds of soil and in street dust. In man, it 
has been found in tetanic patients in the wound secretions, in the 
nerves leading from the seat of infection, and in the spinal cord. 

Cultivation Experiments. — Rosenbach found it impossible 
to obtain a pure cultivation ; although he resorted to fractional 
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cultivation, it was found that the last culture was still contaminated 
by one or more additional microbes. Fliigge claimed to have 
obtained a pure culture by heating for five minutes the mixed cul- 
ture to 100° C. (212° F.), but after this procedure the bacillus was 
incapable of further propagation. After many trials it was found 
that sterilized solid blood-serum was the best soil for the propaga- 
tion of the bacillus outside of the body. Both Nicolaier and 
Rosenbach observed the anaerobic nature of the bacillus, as it was 
found impossible to obtain a culture on the surface of the nutrient 
media, or anywhere else where oxygen could not be excluded. The 
culture appeared slowly as a delicate whitish-gray film in the track 
of the needle puncture below the surface of the culture substance. 
By a long series of cultivations, Rosenbach finally succeeded in 
eliminating all other microbes with the exception of a bacillus of 
putrefaction. The growth of the bacillus takes place most readily 
at an equable temperature of 37° C. (98.6° F.), and becomes first 
visible about the third day in the depth of the culture media. 

Kitasato (" Ueber deu Tetanuserreger," Verh. d. Deutsehen Gesell- . 
schaftf. Chirwgie, 1889) has finally succeeded in obtaining a pure 
culture of the bacillus of tetanus from pus taken from a patient 
suffering from tetanus. As the bacillus will only grow where 
atmospheric air is excluded, he exposed his cultures to an atmos- 
phere of hydrogen gas. Mixed cultures which had been kept for 
several days in the incubator were then exposed for half an hour 
to an hour to a temperature of 80° C. (176° F.) in a water-bath, and 
further growth was secured upon plate cultures in closed glass vessels 
filled with hydrogen gas. He succeeded in destroying all other anae- 
robic bacilli found in the pus by heating the mixed culture to 80° C. 
(176° F.), with the exception of the bacillus of tetanus, which upon 
gelatin plates in the hydrogen atmosphere at a temperature of 18° to 
'.:!0° C. (64.4° F. to 68° F.) after a week produced a visible culture. 
Growth is more rapid at a tempei-ature of 18° to 20° C. (64.4° F. to 
68° F.), when a culture appears in from four to five days, and if 
the temperature is kept at 36° to 38° C. (95.8° F. to 100.4° F.) 
the development of spores and bacilli takes place most rapidly. 

Inoculation Experiments. — Nicolaier (" Ueber infectiosen 
Tetanus," Deutsche med. Wochemchrift, 1884, ISTo. 52) produced 
tetanus in rabbits and mice experimentally by inoculations with 
different kinds of earth. Out of 140 experiments, in 69 a disease 
was produced which very closely resembled tetanus in man. In 
the pus at the point of inoculation bacilli and micrococci were con- 
stantly found. Among the bacilli one form was invariably present ; 
this bacillus resembled in appearance and culture the bacillus of 
septicaemia in mice, but was more slender. This bacillus was found 
in isolated places in the connective-tissue, but could not be found 
in the muscles, nerves, and blood. If the earth was sterilized by 
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exposure to high temperature for an hour the inoculations, without 
exception, proved harmless, showing conclusively that the contagium 
of tetanus had been rendered inert. Inoculations with pus taken 
from tetanic animals were most successful. Inoculations with mixed 
cultures grown in solidified blood-serum yielded positive results 

Roseubaeh (" Zur Aetiologie des Wundstarrkrampfs beim Men- 
schen," Langenbeck's Archiv, B. xxxiv. S. 306) made his experi- 
ments with a mixed cultivation grown from the pus taken from 
the line of demarcation of a case of frost gangrene in a patient 
who had died of tetauus. The inoculations proved successful. 
Carle and Eattone {Oiornale della B. Academia di Med. di Torino, 
1884, No. 3) succeeded in producing tetanus in rabbits by inocula- 
tion with pus from a suppurating acne in a tetanic patient in whom 
the infection was traced to this source. 

Bonome (" Ueber die Aetiologie des Tetanus," Deutsche med. 
Wochensehrifi, 1887, No. 15) reports the case of a man suffering 
from paraplegia, the result of disease of the spine in the dorsal 
region, complicated by an extensive sacral decubitus, the seat of 
phlegmonous purulent inflammation, who was suddenly attacked 
by tetanus, which proved fatal in two days. One hour after death 
a small portion of the infiltrated tissue around the gangrenous part 
was removed, and after reducing it to a fine pulp by trituration, he 
injected it under the skin of a rabbit. Twenty-two hours after the 
inoculation the animal died with well-marked symptoms of tetanus. 
The products of inflammation from the point of injection thrown 
into the subcutaneous tissue of other animals produced the disease, 
while intravenous injections proved harmless. The gravity of 
symptoms following subcutaneous injections was commensurate 
with the quantity of fluid injected. Guinea-pigs proved less sus- 
ceptible to infection than rabbits. In the pus taken from the dead 
tissue he found, besides the usual pus-microbes, a bacillus which 
resembled in every respect the one described by Nicolaier and 
Eosenbach. Hochsinger {CentralblaU f. Bacteriologie u. Parasiten- 
kunde, B. ii. Nos. 6, 7) made his observations on a case of tetanus 
which proved fatal on the fifth day. The day before the patient 
died blood was abstracted from a vein under strict antiseptic precau- 
tions for microscopical and bacteriological study. No microorgan- 
isms could be found in it. With the greatest care sterilized solid 
blood-serum was inoculated with the blood, making with the needle 
both superficial tracks and deep punctures. The nutrient medium 
was kept at a temperature of 37° C. (98.6° F.). On the third 
day, a white cloudy streak marked the direction of the deep punc- 
tures, while the superficial plant remained sterile. On the third 
day a portion of the culture was removed and stained with aniline 
geutian, and submitted to microscopical examination. Delicate 

10 
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bacilli measuring from 0.8 to 1.2 micromillimetres in length, com- 
posed the culture. The detection of the bacillus was quite difficult, 
and its growth very slow. On the sixth day the serum around the 
punctures had become more cloudy, and the microscope showed that 
the bacilli were present in greater abundance. From this time on, 
the cultivation ceased to increase, and the surface of the nutrient 
medium still remained sterile. From the original culture five other 
tubes were inoculated, but in only one of them could a slight culti- 
vation be detected on the fourth day. A large rabbit was infected 
by injecting blood obtained from the patient during life. The 
blood was intimately mixed with sterilized water, and a syringeful 
of this mixture was injected under the skin in the iliac region, and 
half this quantity under the skin of the left thigh. The next day 
the animal appeared quite ill, and was unable to use the left hind 
leg, which was dragged along in walking. At this time great ner- 
vous excitability was observed, the exaggerated reflex symptoms 
being especially well marked in the posterior extremities which, on 
the slightest touch, were thrown into clonic spasms. On the fol- 
lowing day the animal was found dead. A few hours before death 
well-marked symptoms of tetanus developed. No positive results 
were revealed at the post-mortem examination. Injections of blood 
from this animal produced no results in other rabbits, and cultiva- 
tion experiments were equally fruitless. A syringeful of inspis- 
sated blood of the patient, kept for three weeks, thrown under the 
skin of a white mouse, was followed by a fatal attack of tetanus, 
while a second animal inoculated in a similar manner with one-halt 
of this quantity remained perfectly well. Fliigge had before 
observed that by injecting blood from animals rendered tetanic by 
inoculation, it was necessary to use a large quantity in order to 
reproduce the disease in other animals, and even by doing so the 
result was not always satisfactory. It appears from the experience 
of these authors that the blood of tetanic patients possesses greater 
toxic properties than the blood of animals suffering from the same 
disease. Hochsinger also made experiments with the cultivation. 
Eleven days after establishing the primary cultivation he injected 
a syringeful of the liquefied turbid nutrient material into the sub- 
cutaneous tissue of the thigh of a medium-sized rabbit. The next 
day the reflexes were increased, respiration more rapid, and the 
animal appeared otherwise quite sick. On the third day the poste- 
rior extremities were stiff, the animal dragging them in walking. 
Eeflex irritability enormously exaggerated. On the fifth day the 
animal died. In another experiment he injected the primary cul- 
ture, seventeen days old, into the left thigh of a rabbit. On the 
fourth day the left hind leg was stiff, at the same time the reflexes 
were intensified. On the following day both hind legs were stiff. 
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and the animal dragged itself along with difficulty on the front 
legs. On the sixth day the animal appeared more sick, and two 
days later died with well-marked symptoms of tetanus. The lique- 
fied nutrient serum in the glass tube, containing the only secondary 
culture, hypodermically injected in another rabbit, produced tetanus. 

These experiments appear to prove conclusively that the patient's 
blood contained the essential microbe of tetanus. The bacillus 
found in the patient and in the 'aifected animals corresponded in 
every respect with the bacillus described by Rosenbach. In rab- 
bits, Fliigge estimated the stage of incubation at from three to five 
days, and the duration of the illness from the time that the first 
symptoms were noticed to the fatal termination, from five to seven 
days. 

Beumer (" Ueber die Aetiologische Bedeutung der Tetanus- 
bacillen," Berl. klin. Wochenschnft, 1887, No. 31) gives an accu- 
rate and able description of his studies in two cases of tetanus. 
The first case occurred in a mechanic, who injured himself under 
the nail of the right middle finger with a splinter of wood. Eight 
days after the injury, the patient having had but slight pain in the 
finger, pains appeared in the neck and muscles of the back. The 
next morning spasms of the muscles of the chest, abdomen, and jaw 
developed. These attacks occurred at intervals of an hour and a 
half. Four days later the lower extremities were affected, also the 
upper, but in a less degree. The right middle finger was slightly 
swollen. An incision was made, and the foreign body removed, 
which was followed by the escape of a drop of pus ; death on the 
fourth day. The second case was a boy six and a half years old, 
who was brought into the clinic with well-marked symptoms of 
tetanus, and who lived only a few hours after his admission. The 
author obtained some of the dust and splinters of wood from the 
place where the mechanic had injured himself, and inserted small 
particles under the skin of mice and rabbits. In all experiments 
the animals were attacked with tetanus in from two to three days 
after inoculation, and died during the third or fourth. The spas- 
modic contractions were always noticed first in the muscles nearest 
the point of inoculation. A portion of the sole of the foot was 
taken from the boy, and small fragments of it inserted into the 
subcutaneous tissue of six mice. In all of these, symptoms of 
tetanus appeared after two days, developing gradually into general 
convulsions and death. The same results were obtained in mice 
and rabbits by inoculations of particles of dust taken from the 
spot where the boy sustained the injury. The bacillus of tetanus 
was found in the wound of the second patient. Beumer is firmly 
convinced that a direct relationship exists between the bacillus 
described by Nicolaier and Rosenbach and the cause of tetanus. 
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At a meeting of the Imperial Royal Society of Physicians of 
Vienna {British Medical Journal, July 25, 1888) Eiselsberg gave 
an account of a case of tetanus in Billroth's clinic : A woman, 
aged forty, drove a splinter of wood into the palm of her hand 
while scrubbing the floor. A fragment of the splinter was ex- 
tracted by her husband. During the course of the next week 
an abscess formed in the hand ; this was opened by the attending 
physician. On the twelfth day after the injury the woman was 
admitted into Billroth's clinic with typical symptoms of a severe 
attack of tetanus, which lasted four weeks. She afterward re- 
covered to a great extent, and was discharged at her own request. 
At that time she still presented slight contractions of the aflected 
limb. Two mouths later a suppurating fistula formed, and a small 
splinter of wood came away in the discharge. The wound then 
completely healed, and the patient made a perfect recovery. 
Eiselsberg used the extracted piece of wood for making cultures. 
Two rabbits were inoculated with the culture thus obtained, one of 
which succumbed to tetanus on the sixth day after inoculation, 
while the second one, which was inoculated at a later date, showed 
marked symptoms of tetanus, such as increased irritability, trismus, 
pleurosthotouus, etc. 

Giordano (" Contributo all' Eziologia del Tetano," Griorn. della 
Acad, di Med. di Torino, 1887, Nos. 3, 4) performed his experi- 
mental work on the following cases of tetanus in the laboratory of 
Perroneito. The patient was a man forty years old, who fell from 
a hayloft upon the frozen ground, and was brought to the hospital 
twenty hours later with a complicated fracture of the forearm. The 
wound, which was covered with dirt, was enlarged, drained, and 
partly closed ; on the fourth day trismus, and on the seventh day 
death from well-marked tetanus. Immediately after death, blood 
was taken from the wound of the median nerve, and fragments of 
a thrombus from a vein of the affected limb were also removed and 
preserved iu sterilized beef-tea. ■ A piece of necrotic tissue from the 
wound contained microbes, but not the bacillus described by Nico- 
laier. Inoculations with blood and fragments of internal organs 
failed to produce tetanus. Inoculations with pus from the wound 
and fragments of thrombus caused tetanus iu rabbits and guinea- 
pigs. Small fragments of straw taken from the place where the 
patient fell, inserted under the skin of a rabbit, produced tetanus 
in three days. The pus, among other microbes, contained few of 
the characteristic bacilli. Injections of pus taken from the tetanic 
animal produced tetanus in other rabbits. Inoculations with tissue 
from the medulla oblongata did not cause the disease. Successful 
inoculations were made from the second and third rabbits. Injec- 
tions of dust taken from the place where the patient was injured. 
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suspended in water caused no symptoms, but a culture from it, 
six days old, contained the bacilli, and when injected subcutaneously 
produced the disease. From the absence of the bacilli in the 
internal organs, he concluded that this microbe does not permeate 
the whole body, and that the disease owes its origin to absorption 
of toxic agents from the wound. 

Ohlmuller and Goldschmidt (" Ueber eineu Bakterienbefund 
bei Menschlichem Tetanus," Gentralblatt f. die ges. Medidn, 1887, 
No. 31) made a thorough bacteriological examination of a case of 
tetanus following complicated fracture of the right thumb. The 
disease appeared the day following the injury and resulted in death 
after not more than seventeen hours. Soon after death inoculation 
experiments were made with blood taken from the heart and spleen 
and pus from the seat of fracture, according to directions given by 
Bumm. The cultivations were made in solid blood-serum and 
kept at a temperature of 38° C. (100.7° F.). The tubes con- 
taining blood from the heart and spleen remained sterile, but the 
nutrient media infected with pus showed signs of growth by lique- 
faction of the solid serum. The bacilli which were detected 
resembled those of mouse septicaemia, only somewhat larger in size. 
In addition to these microbes streptococci and a thicker bacillus 
were found. Twenty-four hours later liquefaction had increased, 
but the streptococci had diminished in number. The characteristic 
bacilli were pin-rods with globular ends, and club-shaped rods with 
colorless terminal spores. On the third day the serum had under- 
gone more advanced liquefaction and at the same time a fetid odor 
was noticed. A slide compared with one prepared by Nicolaier 
showed the identity of the two microbes. In order to prove still 
further their identity two mice were inoculated with the mixed cul- 
tivation. Twelve hours after infection tetanus had made its 
appearance, followed by death in seventeen hours. It should be 
remarked that the spasms commenced in the tail, extended to the 
posterior extremities, and then gradually forward. From these 
animals blood-serum was taken with which other mice were infected. 
Again tetanus was produced and successful cultivations were 
made. Successive cultivations appeared to diminish the intensity 
of the virus. Of two mice of equal size and age, one, which 
received one portion, died of tetanus on the ninth day, while the 
other, which received a dose three times as large, died on the third 
day. Cultivations on agar-agar always remained sterile. Cultiva- 
tions in sterilized coagulated albumen from chicken's and goose- 
eggs showed that the bacilli retained their properties for about a 
week, but later they were displaced by other organisms. An 
attempt was made to destroy the other microorganisms by heatmg 
the mixed cultivation to 100° C. (212° F.) for five minutes. The 
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result was satisfactory, inasmuch as inoculations produced positive 
results in mice and blood-serum. Inoculations of these cultures 
into a ten per cent, peptone gelatin medium caused rapid liquefac- 
tion, and the microscope showed thicker rods with long processes. 
In some cultures, bacilli of tetanus were found as late as the ninth 
day. Inoculation with the last cultures had no effect. He ascer- 
tained also that inoculations with earth had so often failed because 
not enough material was used. He made additional experiments 
using a much larger quantity. The first experiment, in which a 
portion of earth half the size of a pea was inserted under the skin 
on the back, was successful. After twelve hours the mouse 
sickened, in twenty hours presented typical evidences of tetanus, 
and died soon afterward. In the pus at the seat of inoculation 
cocci and bacilli of tetanus were found in abundance and inocula- 
tion with the product of inflammation produced tetanus as surely as 
pus taken from wounds of tetanic patients. The same earth ex- 
posed for half an hour to an hour to the action of steam was ren- 
dered sterile and inoculations with it proved harmless. 

Of the greatest scientific and practical interest are the observa- 
tions made by Bonome (" Ueber die Aetiologie des Tetanus," 
FortsGhritte der Medicin, 1887, 'No. 21) in reference to the causation 
of tetanus by infection with earth containing the bacillus discovered 
by Nicolaier. He had an opportunity to observe a number of cases 
of tetanus after the recent earthquake at Bajardo. Of the seventy 
persons injured in the ruins of the church, seven were attacked by 
tetanus. From bacteriological investigations in connection with 
these cases, he came to the same conclusions in regard to the cause 
of the disease as Nicolaier, Rosenbach, Fliigge, and Beumer before 
him. He likewise was unable to obtain a pure cultivation by suc- 
cessive generations, as even the last growth was always contami- 
nated by a bacillus of putrefaction. Of particular importance is 
the observation made by him, that the secretions from the wounds 
and the exudation from the part the seat of tetanic convulsions, 
when dried and preserved between two sterilized watch-glasses 
retained their virulent properties for at least four months. All 
animals inoculated with dust from the debris in the interior of the 
church were attacked with tetanus. Control experiments with dust 
from the ruins at Diano-Marina never proved successful. Of the 
many persens injured during the same earthquake at this place, not 
one was attacked by tetanus. 

Beumer (" Zur Aetiologie des Trismus sive Tetanus neonatorum," 
Zeitsohrift fur Hygiene, B. iii. S. 242) found Nicolaier's bacillus in 
a case of tetanus neonatorum. He made numerous efforts to obtain 
a pure culture by successive cultivations, but failed, as others had 
before him. He found the growth contaminated by cocci and a 
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smaller bacillus. He also made numerous inoculation experiments 
with different kinds of earth. Of ten experiments with soil taken 
from the ocean beach, tetanus followed in only two. On the other 
hand, of ten inoculations with garden earth and street dust, all proved 
successful but one. Of three cases of tetanus which recently came 
under the observation of Lumniczer (" Beitrage zur Aetiologie des 
Tetanus," Wiener med. Presse, B. xxx. Nos. 10-12) he was able to 
demonstrate the microorganism in one. In this case the attack 
followed a gunshot injury. After the disease had developed frag- 
ments of hemp were removed from the canal made by the bullet, 
and in them the characteristic bacillus was found. Cultures were 
made to the tenth generation, and with them animals were inocu- 
lated and tetanus was invariably produced. Pus taken from ab- 
scesses produced at that point of inoculation contained the bacillus, 
and injection experiments made with it yielded positive results. 
Cultures made from the blood or organs of the tetanic animals re- 
mained sterile. Inoculation with blood from these animals proved 
harmless. Kitasato (op. cit.) experimented with a pure culture of 
the bacillus of tetanus on mice, rats, guinea-pigs, and rabbits, and 
never failed in producing the disease, provided a sufficiently large 
dose of the culture was administered. In mice the disease appeared, 
without exception, 24 hours after the inoculation, and proved fatal 
in 2 or 3 days. The tetanic convulsions were first always local, 
appearing at the point of inoculation, becoming gradually more 
diffuse. He was unable to find bacilli at the seat of inoculation, 
in the blood or any of the organs of the body. He believes that if 
the tetanus is produced by inoculation with a pure culture the 
bacilli do not remain in the body for any length of time, but are 
rapidly eliminated. The same question has been raised in connec- 
tion with the pathogenic action of the bacillus of tetanus as with 
the pus-microbes, Is the disease of which it is the speciiic cause due 
to the presence of the microbe, or its products in the organism (the 
ptomaines) ? Brieger, by his indefatigable labors, has demonstrated 
beyond all doubt that 

1 he Ptomaines of the Badllus Tetani cause Tetanic Convulsions. 

Brieger ("Zur Kenntniss der Aetiologie des Wundstarrkrampfes 
nebst Bemerkungen fiber das Cholera-roth," Deutsche med. Wochen- 
schrift, 1887, p. 303) has succeeded in isolating four toxic sub- 
stances from mixed cultivations of tetanus bacilli in sterilized meat 
emulsions. The first, tetanin, in doses of a few milligrammes ad- 
ministered subcutaneously in mice produced the characteristic symp- 
toms of tetanus. The second, tetanotoxin, causes first, tremors, 
later, paralysis and convulsions. The third, muriate of toxin, has 
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not been designated by a special name by Brieger, it produces also 
well-marked symptoms of tetanus, but besides excites the salivary 
and lachrymal glands to increased functional activity. The last, 
spasmotoxin, produces severe clonic and tonic spasms which pros- 
trate the animal at once. Besides meat emulsion, the contused 
brain substance from horses and cattle was used, also cow's milk 
mixed with carbonate of lime. It seemed that the culture substance 
determined to a certain extent the kind of toxin which was pro- 
duced ; thus in cultures grown in brain substance besides tetanin, 
tetano-toxin was found in greatest quantity; old cultures, in which 
the tetanus bacilli were dead, produced none of these toxic agents. 

The same author (" Ueber des Vorkomraeu von Tetanin bei einem 
an Wundstarrkrampf erkraukten Individuum," Berl. Min. Wochen- 
schrift, April 23, 1888) has very recently been successful in isolating 
tetanin from the amputated arm of a patient the subject of tetanus. 
Tetanus had developed a few days after a severe crushing injury of 
the hand and forearm. The first symptoms manifested themselves 
in the morning, and at twelve o'clock (noon) the operation Was 
performed; at five o'clock, on the same day, the patient expired 
suddenly during one of the tetanic convulsions. The bacilli of 
tetanus were found in the serum taken from the oedematous portion 
of the forearm in connection with other bacilli of different length, 
staphylococci and streptococci. Serum containing these microbes 
when injected under the skin of mice, guinea-pigs, and rabbits in- 
variably produced tetanus ; on the other hand, a dog treated in the 
same manner, as well as after injections of tetanin, remained well. 
A horse inoculated with a culture of bacilli in meat emulsion showed 
no symptoms of tetanus, but an abscess formed at the point of 
inoculation. The infiltrated tissues of the amputated forearm planted 
on sterilized meat emulsion, solid blood-serum, and emulsion made 
of the flesh of fish, yielded, besides ammonia, ouly tetanin ; no trace 
of tetano-toxin, spasmo-toxin, nor the unnamed toxin which could 
be obtained from Rosenbach's bacillus. A moderate dose of tetanin 
injected into the subcutaneous tissue of a horse produced muscular 
contractions which lasted for a considerable length of time, but the 
characteristic symptoms of tetanus, as it is seen in horses, did not 
appear. 

The clinical and experimental researches quoted above demon- 
strate that the same bacillus is found in the wound secretions, the 
tissues, and, in some instances, in the blood of tetanic patients, and 
that tetanus in animals can be produced by injection of wound 
secretions of tetanic patients, or by using cultivations — facts which 
have sufficiently established the microbic nature of the disease. The 
stage of incubation, both in man and animals, appears to be extremely 
variable ; in some instances lasting only twenty-four hours, while 
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in others weeksmay lapse between the time of inoculation and the 
first manifestations of the disease. This may depend on one of 
three things: 1. The number of bacilli introduced may be so small 
that a much longer time is necessary before active symptoms are 
produced than if a larger quantity had been introduced, as "Watson 
Cheyne has shown that in animals the injection of a limited num- 
ber of the bacilli of tetanus produced no symptoms. 2. The loca- 
tion of the infection-atrium and anatomical characteristics of the 
tissues surrounding it may influence the time which is necessary to 
develop the disease. 3. Brieger's investigations have shown that 
tetanic convulsions in animals are produced by injections of tetauin, 
one of the toxic ptomaines derived from cultivations of the bacillus 
of tetanus, and it is more than probable that the active symptoms 
of tetanus in man are due not to the presence in the tissues of the 
bacillus, but to the toxic action of the ptomaines on the spinal cord, 
so that the length of the stage of incubation is further modified by 
the capacity of the infected tissues to yield the different ptomaines. 
The degree of virulence of the bacillus of tetanus must certainly 
play an important part not only in determining the length of the 
incubation stage, but also the intensity of symptoms. There can 
be no doubt that both the acute and chronic forms of tetanus are 
caused by the same microbe, and that the clinical difference depends 
upon the degree of virulence of the primary cause. Whether culti- 
vations from chronic cases of tetanus can produce an acute and 
rapidly fatal attack in animals remains to be determined. In this 
direction I have recently made an observation which, if not con- 
vincing, is, at least, very suggestive. A boy, fifteen years of age, 
previously in good health, was attacked with acute osteomye- 
litis in the lower extremity of the femur. The surgeon in attend- 
ance trephined the bone over its outer and lower aspect during 
the first few days and before an abscess had formed in the soft 
parts. A few days after the operation trismus set in, followed by 
typical chronic tetanus. Six weeks later, the patient entered the 
Milwaukee Hospital, and was placed under my charge. At this 
time the patient had become emaciated to a skeleton. Trismus and 
opisthotonus were well marked, and the lower extremities were 
rigid and fixed in the extended position. The slightest touch, or a 
draught of air in the room, would bring on intense convulsive 
attacks lasting for several minutes, attended by excruciating pain. 
Profuse fetid discharge at the site of operation ; pulse 140, tempera- 
ture from 99° to 101° F. (37.3° to 38.3° C). Believing that the 
primary infection had taken place through the operation wound, 
and that osteomyelitic products served the purpose of a nutrient 
medium for the bacillus tetani, I determined to operate in spite of 
the grave symptoms. As the spinal cord at this stage of the dis- 
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ease was necessarily the seat of intense congestion, I resorted to 
chloroform as an anaesthetic instead of ether. The usual operation 
for necrosis of the lower end of the femur was performed, and a 
large triangular sequestrum removed from the lower and posterior 
aspect of the bone. The involucrum was imperfect and its inner 
side lined with a thick layer of flabby granulations. Gelatin tubes 
were inoculated with blood, pus, and granulation tissue. The blood 
cultivations remained sterile, while the two remaining tubes showed 
a copious growth of staphylococcus pyogenes albus which rapidly 
liquefied the gelatin. A portion of the granulation tissue was dis- 
infected with a weak solution of carbolic acid, dried between layers 
of antiseptic gauze, and inserted under the skin of a rabbit. No 
suppuration followed, and the animal remained perfectly well for 
six weeks, when both posterior extremities became rigid- so that it 
could only move from place to place by dragging the hind legs. 
The next day tetanic convulsions affecting the muscles of the back 
and all the limbs appeared, and ou the fourth day death supervened, 
The interesting features in this case are that the patient recovered 
from the tetanus after a long illness, extending over three months ; 
that marked improvement followed the operation, which had for its 
object thorough disinfection of the infection-atrium ; and that the 
inoculation with granulation tissue in the rabbit was followed by 
an acute attack of tetanus six weeks after infection. In the experi- 
ments related above the animals were inoculated with cultivations, 
or with wound secretions from tetanic patients ; the stage of incu- 
bation rarely extended over two to three days, and often only 
eighteen to twenty- four hours, and the disease produced death in 
from twelve hours to three days. 

Prophylactic and Curative Treatment of Tetanus by Antiseptic 

Agents. 

More than a year ago Sorraani {La Riforma Medica di Napoli, 
January 11-13, 1890), of Naples, found that iodoform was one ol 
the most energetic disinfectants of the virus of tetanus, and that 
iodol and an acid (2 per cent.) solution of corrosive sublimate were 
similar in their action. A second series of experiments has shown 
that also chloral and chloroform had a similar power. Since then 
Mazzuschelli has used iodoform (locally) in two cases, which in and 
toward the end of May, 1889, came under treatment. In one case 
a girl while working in a garden with a spade, inflicted upon her- 
self a large, torn wound in the calf of the right leg. Eight days 
after tetanus set in and she was taken into the hospital at Pavia. 
After removal of the dead tissue the wound was cleansed with a 2 
per cent, solution of sublimate, dusted over with iodoform, and 
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chloral hydrate given internally. The patient died twelve hours 
later. In the other case, the patient had run a splinter into her 
foot between the great and second toe while following a path bare- 
footed pver a field. Six days later tetanus made its appearance, 
the splinter was removed, and the wound treated as in the preced- 
ing case; death four days later, ten days after the injury. 

In the first case Sormani inoculated two rats and one rabbit with 
the tissue which was removed fi'om the wound before dusting with 
iodoform. All these animals died from tetanus from forty-eight to 
ninety-six hours after inoculation. Two rabbits inoculated with a 
fragment of tissue from the wound after the death of the patient 
remained alive. 

In "the second case a piece of the iodoformized tissue and one 
from the tissues lying more deeply were used for inoculation of two 
rats, which, however, did not contract the disease. A culture-glass 
filled with agar inoculated with a fragment of the wound-tissues 
after the disinfection remained sterile; another tube inoculated with 
tissue removed more deeply developed staphylococci. 

The author concludes, from these and further experiments, that 
where tetanus is already developed iodoform is not able to prevent 
its further course, but may neutralize the virus on the surface of 
the wound. 

Baccelli {Miforma Medioa, January 25, 1890) used subcutaneous 
injections of carbolic acid in doses of 1 centigramme every hour. 
In 1887 he cured a grave case, and now he has another such a one 
under treatment, where the injections have produced such an im- 
provement that recovery is assured. 



OHAPTEK XYI. 

TUBERCULOSIS. 

Of all the microbic diseases, tuberculosis is of the greatest 
interest and importance to the surgeon. Of the greatest interest 
because the tubercular lesions which come under his care are more 
clearly understood from a scientific standpoint than most of the 
other surgical diseases, and of the greatest importance on account 
of their great frequency. That large class of diseases which were 
grouped under that indefinite and vague term, scrofula, iu the text- 
books of but a few years ago, have been shown by recent research 
to be identical with tuberculosis etiologically, clinically, and ana- 
tomically. It is the object of this part of the book to give a brief 
description from a bacteriological and clinical standpoint of such 
localized tubercular lesions which by general consent are regarded 
as surgical afi^ections and requiring surgical treatment. 

HiSTOEY. — The results obtained from the crude inoculation 
experiments, which were made by Villemin, pointed strongly 
toward the infectiousness of tuberculosis, and since that time dili- 
gent search was made to discover and isolate a specific micro- 
organism which should be characteristic of this disease. Theories 
were advanced, microbes were found and described which were • 
supposed to bear a direct etiological relationship to tuberculosis, 
but nothing definite was known on the subject until Robert Koch 
{" Die Aetiologie der Tuberkulose," Berl. klin. Wochenschrift, 
1882, No. 15), in 1882, announced to the profession his great dis- 
covery. He had found and demonstrated the true cause of tuber- 
culosis, the bacillus of tuberculosis, and in his first publication 
brought such convincing proof of the correctness of his claim, that, 
with few exceptions, it brought conviction even to the most scepti- 
cal. He had not only found the bacillus, but showed that it was 
constantly present in all tubercular lesions. He had isolated and 
cultivated the bacillus from tubercular tissue ; and, finally, he had 
furnished the crucial test — had produced artificial tuberculosis in 
animals by inoculation which was identical with tuberculosis in 
man. A number of pathologists, who inoculated animals with 
non-tubercular material, claimed that they had produced pathologi- 
cal conditions analogous to those found in animals which had been 
infected with the virus of tuberculosis. Further experimenta- 
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tion soon showed that these were instances of pseudo-tuberculosis • 
that whde the gross appearances of the lesions resembled true 
tuberculosis, inoculations with this material never reproduced the 
disease, while_ inoculations with tubercular material could be done 
through a series of animals without impairing the potency of the 
virus, or varying the constancy of the results. Koch's discovery 
did not lead to such energetic search for the bacillus of tuberculosis 
among surgeons as physicians, because, as Konig asserts, the symp- 
toms and signs of the tubercular affections coming under the obser- 
vation of surgeons are so characteristic, that for practical purposes 
a correct diagnosis could be made in the majority of cases without a 
knowledge of their microbic nature and the improved methods for 
making a positive diagnosis derived therefrom. Koch, himself, in 
the publication above referred to, demonstrated the presence of the 
bacillus in lupus, scrofulous glands, tubercular joints, etc. He 
called attention to the fact that in these affections the bacillus can 
be constantly found in giant cells and between the epithelioid cells, 
while it is more difficult to find it in cheesy products, unless casea- 
tion has taken place quite rapidly. 

Weichselbaum ("Tuberkelbacillen im Blut.," etc., Wiener med. 
WoGhensehrift, 1884, Nos. 12, 13), Meisels, and Lustig found 
tubercle bacilli in the blood in cases of acute miliary tuberculosis, 
both during life and after death. Schuchardt and Krause (" Ueber 
das Vorkommen der Tuberkelbacillen bei fuugosen und scrofu- 
losen EntziJndungen," Fortschritte der Medioin, B. i. 8. 277) 
examined forty cases of tuberculosis of bones, joints, tendon- 
sheaths, and the skin in Volkmann's klinik, and never failed in 
finding bacilli, although in some specimens careful and prolonged 
search had to be made. They found the bacilli in various lesions 
which had formerly been regarded as scrofulous affections. 

Schlegtendal (" Ueber das Vorkommen der Tuberkelbacillen im 
Eiter," Fortschritte d. Medidn, B. i. S. 537) examined 520 speci- 
mens of pus from tuberculous suppurations and found bacilli pre- 
sent in about 75 per cent, of the cases. Mogling (Die Chirur- 
gischen Tuberkulosen, Tiibingen, 1884) found the bacilli never absent 
in tubercular pus from 53 patients. 

During the last few years, surgeons have made valuable contri- 
butions to surgical literature on the subject of tuberculosis corrobo- 
rative of the statements of Koch, which have placed many hereto- 
fore obscure lesions within the range of rational and successful 
surgical treatment. 

Description of the Bacillus Tuberculosis. — The bacillus 
described by Koch as the essential cause of all forms of tubercular 
inflammation appears in the shape of very thin rods from two to 
eight micromillimetres in length, and rounded at the ends. They 
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are straight or curved, and frequently beaded, occur singly, in_ pairs 
or in bundles. In the tissues they are found in the interior of 
giant cells and within and between epithelioid cells. The bacillli 
of tuberculosis are non-motile and consequently possess no power of 
locomotion and cannot penetrate into the tissues without assistance. 
Spore-formation occurs, even within the animal body, the spores 
having the appearance of clear vacuoles. 

Methods of Staining. — For section-staining Ehrlich's method 
is the best : 

Saturated alcoholic solution of methyl-violet or fuohsin H parts. 

Aniline water 100 

Absolute alcohol 10 " 

Sections are left for twelve hours in this solution. Treat the 
specimen with 1 : 3 solution of nitric acid a few seconds. Wash 
in alcohol (60 per cent.) for a few minutes ; after-stain with diluted 
solution of vesuvin or methylene-blue for a few minutes ; wash 
again in 60 per cent, alcohol, dehydrate in absolute alcohol, clear 
with cedar oil, mount in Canada balsam. The examination of 
fluids can be done rapidly and most satisfactorily by Gibbes' 
method. 

Gibbes' magenta solution : 

Magenta 2 parts. 

Aniline oil 3 " 

Alcohol (specific gravity 0.830) 20 " 

Distilled water 20 " 

Stain cover-glass preparations in this solution for fifteen or 
twenty minutes ; wash in (1 : 3) solution of nitric acid until the 
color is removed; rinse in distilled water. After-stain with 
methylene-blue, methyl-green, iodine-green, or a watery solution of 
crysoidin, five minutes ; wash in distilled water until no more color 
comes away. Transfer to absolute alcohol for five minutes, dry, 
and preserve in Canada balsam. 

Cultivation Experiments. — The best culture medium is 
solid sterilized blood-serum of the cow or sheep, with or without 
the addition of gelatin at a temperature of 37° to 38° C. (98.6° to 
100.4° F.). The bacillus grows verv slowly and only between the 
temperatures of 30° and 41° C. (86° and 105.8° F.). In about 
a week or ten days, the culture appears as little whitish or yellowish 
scales and grains. The bacillus can also be cultivated in a glass 
capsule on blood-serum, and the appearance of the growth studied 
under the microscope. The scales, or pellicles, are then seen to be 
made up of colonies of a perfectly characteristic appearance. The 
growth ceases after three or four weeks. The blood-serum is not 
liquefied, unless putrefactive bacteria contaminate the culture. 
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Tubercle bacilli containing spores. (R. Koch.) Zeiss ^g. O. 4. 
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Tubercle bacilli from a tubercular cavity. Carbol-fuchsin, 
nitric acid, methyl-blue. ^ Zeiss ^V- O- 4 
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JSTocard et Eoux ("Siir la culture du bacille de la Tuberculose," 
Annales de VInstitute Pasteur, i. 1887, No. 1, pp. 19-29) have 
found that coagulated blood-serum is improved for the growth of 
the bacillus of tuberculosis by adding peptoue, soda, and sugar. 
A further addition of 6 to 8 per cent, of glycerin favors the 
growth of the bacillus still more, while at the same time it prevents 
the formation of a crust upon the culture medium, which otherwise 
forms by evaporation. They also made successful cultivations 
upon agar-agar bouillon, to which was added 6 to 8 per cent, of 
glycerin, kept at a temperature of 39° C. (102.2° F.). 

Inoculation Experiments — Even before the discovery of the 
bacillus of tuberculosis by Koch, genuine tuberculosis was produced 
in animals by inoculation with the products of what was then 
described as scrofula. Hueter inoculated the anterior chamber of 
the eye in rabbits with lupus tissue and produced tuberculosis of 
the iris. Schiiller ( TJntersuahung uber die Entsteliung und Ursache 
der scrofulosen und tubereulosen Greknkleiden, 1880) introduced 
fragments of lupus tissue into the veins of animals, and in this 
way produced pulmonary tuberculosis. He also claimed to have 
discovered the microbe of tuberculosis by fractional cultivation from 
lupus tissue which, when conveyed into the vessels of the lungs, 
produced phthisis, aud when injected into joints tubercular inflam- 
mation, caseation, and, finally, miliary tuberculosis. Koch (Mit- 
theilungen aus dein Kaiserliohen Gesundheitsamte, B. xi. 1883) 
inoculated the anterior chamber of the eyes of eighteen rabbits 
from five cases of lupus, and in all of them tuberculosis of the iris 
was produced, and, if life was prolonged for a sufficient length of 
time, was followed by tuberculosis of the lymphatic glands of the 
neck, lungs, kidneys, liver, and spleen. Similar results were 
obtained iu five guinea-pigs. 

Cornet has recently made numerous experiments in Koch's 
laboratory on animals to ascertain the inoculability of tuberculosis 
through abrasions of the skin, He found that if lupus tissue, or 
a pure culture of tubercle bacilli, is applied to a cutaneous abrasion, 
the result iu most, if not in all, cases is a local tuberculosis in the 
adjacent lymphatic glands, and, later, a general miliary tuberculosis. 

The same author (" Demonstration von tubereulosen Driiseu- 
Schwellungen nach Impfuugen von Tuberkel bacillen bei Hunden," 
Oentralblatt f. d. Gesammte Medicin, Wo. 29, 1889) made subse- 
quently a long series of experiments on dogs to ascertain the differ- 
ent avenues through which infection is known to take place. 
Tuberculous sputum and pure cultures inserted into the lower 
conjunctival sac in healthy dogs produced tissue hyperplasia at the 
seat of inoculation and was followed by infection of the cervical 
glands on the corresponding side. Some of the glands had under- 
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gone caseation, and the presence of bacilli could be demonstrated 
in all of the pathological products. In other animals the tubercu- 
lous material was introduced into the nasal cavity. The cervical 
glands, especially those on the corresponding side, became enlarged 
and caseated. Infection through the mouth by depositing the 
tuberculous material in a depression made with a blunt instrument 
between the canine teeth resulted also in tuberculosis of the cervical 
glands. Infection of the external meatus of the ear without creat- 
ing intentionally an infection-atrium was followed by infection of 
the lymphatic glands behind the ear and along the neck on the 
same side. Cutaneous tuberculosis in the form of an ulcerating 
lupus was produced by shaving the skin on one side of the nose 
and face, and scratching it with a finger-nail infected with tubercu- 
lous material. Injection of the material into the healthy vagina 
of bitches resulted in local tuberculosis and secondary infection of 
the inguinal glands. Inoculations of other parts were follovved by 
the same train of symptoms — local tuberculosis at the seat of infec- 
tion followed by extension of the tuberculous process along the 
nearest lymphatic channels. The lungs were found aifected only 
in two of the animals. 

Cornil and Leloir implanted lupus tissue into the peritoneal 
cavity of guinea-pigs, and in five cases, out of fourteen experiments, 
produced peritoneal and general tuberculosis. Implantations from 
these animals into healthy animals again yielded positive results. 

Pagenstecher and PfeifPer [Berliner Idin. Woohensohrift, 1883) 
took the secretion of the conjunctiva from patients suffering from 
lupus of this structure and injected it into the anterior chamber of 
the eye in rabbits. After five to six weeks, nodules could be seen 
on the surface of the iris which were in every respect identical with 
tuberculosis of this organ. Doiitrelepont (" Die Aetiologie des 
Lupus vulgaris," Proceedings of International Congress, Copen- 
hagen) inoculated the peritoneal cavity of fifty guinea-pigs, and in 
eight rabbits the anterior chamber of the eye, and in all of the ani- 
mals local tuberculosis was produced at the point of inoculation ; and 
in three of the guinea-pigs, and in one rabbit, the local disease was 
followed by general tuberculosis. The advances in our knowledge 
of the etiology of tuberculosis, the discovery of the bacillus, and 
the production in animals of tuberculosis by implantation of lupus 
tissue have finally settled the identity of tuberculosis and lupus. 
As tuberculosis is now diagnosed wherever the respective bacillus 
is found, another diagnostic significance is admitted even by those 
who are inclined to be sceptical in regard to the etiological rdle 
played by it. Koch produced artificial tuberculosis in over five 
hundred animals with material from diiferent tubercular lesions and 
examined them all with the greatest care. Of the bacillus he pro- 
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Tubercular eruption in the iris of a rabbit, fifth day after inoculation. 
Zeiss ^. (Baumgarten.) 

Beg. T. Formation of tubercles beginning (separation of white 
corpuscles.). 

E. Endothelium of the anterior surface of the iris. 

Ep. Epithelium of the posterior surface of the iris. 

P. Iris parenchyma. 

Gf. Bloodvessels. 
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duced forty-three pure cultures, some of which he continued through 
over thirty generations, occupying a period of two years. We shall 
see that inoculations with material from so-called scrofulous glands 
produce the same effect as when lupus tissue is used, and must, 
therefoi'e, attribute their existence to the same cause. 

Arloing (Oomptes rendus, t. xcix. p. 661) prepared an emulsion 
from a simple scrofulous gland, caseous in the centre, which was 
taken from a boy aged fourteen. This was injected beneath the 
skin of ten rabbits and the same number of guinea-pigs. Visceral 
tuberculosis developed in all guinea-pigs, but the rabbits remained 
healthy, except that two showed yellow caseous granulations at the 
seat of inoculation. From a gland removed later, from the same 
boy, a similar emulsion was made and injected into the peritoneal 
cavity of six rabbits and six guinea-pigs. As before, the guinea- 
pigs all presented tubercular lesions ; the rabbits, on being killed, 
were found to be perfectly healthy. In two instances, pus from 
strumous abscesses gave similar results. Some glands excised from 
the neck of a young woman produced tuberculosis both in rabbits 
and in guinea-pigs, but the patient died three weeks after the opera- 
tion from miliary tuberculosis. Arloing appears to consider this 
case as outside the general category of strumous glands. From 
these experiments he inferred that either scrofula and tuberculosis 
were nearly allied affections, but caused by different agents, or they 
were derived from a single virus, of which the activity was modified 
in the scrofulous form. 

Bollinger (" Ueber den Einflus der Verdiinnung auf die Wirk- 
samkeit des tuberculosen Giftes," Munch, med. Wochensohrift, No. 
43, 1889) has studied experimentally the effect of dilutions of 
tuberculosis material. He found that infectious milk from a tuber- 
culous cow which produced typical local tuberculosis by intra- 
peritoneal injections, if diluted from 1 : 40 to 1 : 100 has lost its 
virulence. The sputum of phthisical patients was found much 
more virulent and had not lost its power to produce tuberculosis on 
being diluted 1 : 100,000, on being injected into the abdominal 
cavity or the subcutaneous connective-tissue. Feeding experiments 
with sputum diluted 1 : 8 yielded negative results. Pure cultures 
remained virulent when diluted 1 : 400,000. All the experiments 
proved that the more concentrated the material and the greater the 
number of bacilli the more rapid and intense was the development 
of the lesion caused by the injection. In guinea-pigs it was esti- 
mated that about »20 bacilli were necessary to produce fatal tuber- 
culosis. Intra-peritoneal injections did not always produce peri- 
toneal tuberculosis, and when this was absent the organs affected 
were the lymphatic glands, spleen, lungs, liver, kidneys, and 
genital organs in the order of frequency named, showing that 
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localization does not always take place at the point of primary 
infection. 

Mr. Eve (" On the Eelatiou of Scrofulous Gland Disease to other 
forms of Tuberculosis ; an Experimental Inquiry," British Medical 
Journal, April 14, 1888) conducted some experiments forthe same 
purpose, using small fragments of the glands prepared with steril- 
ized instruments, and the possibility of infection of the animals 
with true tuberculosis was negatived by the precautions taken. As 
regards the results of the experiments on rabbits with glands from 
five different subjects, the material from these cases produced vis- 
ceral tuberculosis; from one case, cold abscesses; and in one 
instance, in which a rabbit was inoculated in the anterior chamber 
of the eye, it escaped infection altogether. No bacilli could be dis- 
covered in the gland. Three rabbits inoculated with the infected 
organs from a guinea-pig, proved to be the most acute cases of 
tuberculosis that the author has been able to induce by strumous 
gland disease in rabbits, the tubercles being widely disseminated. 
The bacilli in the visceral tuberculosis were generally uniformly 
stained with even outlines, but in a strumous abscess in a rabbit 
which had existed for eight months they were nearly all "beaded" 
or uniformly stained, and often collected in groups not unlike 
clumps of micrococci. 

Wm. Mueller (" Experimentelle Erzeugung der typischen 
Knochentuberculose," Oentralblatt f. Ohirurgie, 1886, p. 233) pro- 
duced the characteristic form of tuberculosis in bone experimentally 
by the injection of tuberculous material into the nutrient artery. 
Konig for a long time had claimed that the wedge-shaped seques- 
trum so constantly found in tubercular foci in the articular extremi- 
ties of the long bones, was due to occlusion of a small artery by a 
tubercular embolus. Miiller's experiments were made to prove 
this clinical observation. He made sixteen experiments on rabbits, 
injecting tuberculous pus into the femoral artery, some in a periph- 
eral, some in a central direction, without any positive results. In 
a second series the same material was thrown into the nutrient 
arteries of the femur and tibia. Of ten of these cases, two showed 
a tuberculous focus in the medulla of the diaphysis of the tibia, in 
another case miliary tuberculosis in the femur and tibia, and in the 
latter bone a small caseous spot in the spongy part, which contained 
numerous bacilli. The animals were killed eight weeks after the 
injection and showed no evidences of organic disease, except few 
tubercles in the lungs. Twenty experiments were made on young 
goats, five on sheep, and two on dogs. The tuberculous material 
was injected directly into the nutrient artery of the tibia, the tibial 
artery being tied above and below this vessel. Primary union of 
the wound was obtained in all cases except on one dog. 
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In the dogs and sheep, all experiments yielded negative results. 
In the goats bone aftections were produced which were identical 
with tubercular bone lesions found in man. Most frequently the 
disease was established in the diaphysis— cheesy masses and granu- 
lation tissue showing themselves in the medulla and cortical sub- 
stance, or tuberculous osteomyelitis with, or without, sequestration. 
Typical lesions were also found in the ends of the bones with, and 
without, implication of the adjacent joints. In two of these cases 
the epiphysis was affected, while in three the shaft was involved. 
The following experiment furnishes a good illustration of the iden- 
tity of the bone disease produced experimentally, and the disease 
as it occurs in man. Tuberculous material was injected into the 
tibial artery of a goat three months old. Wound healed in eight 
days. Some lameness four months later, gradually increasing dur- 
ing the next nine months. At the same time a swelling appeared at 
the knee-joint. Tibia painful on outer side. Animal killed thirteen 
months after the injection. There was found a typical fungous 
disease in the knee-joint most advanced at the sides, a wedge-shaped 
sequestrum in one of the tuberosities of the tibia, and a small 
granulation mass in the centre of the head of the tibia, and two 
siniilar granulation masses in the lower epiphysis of the femur. 
With the exception of the lymphatic glands of the knee-joint, no 
other organs were affected. In some cases pulmonary tuberculosis 
developed, twice general tuberculosis. The rest of the animals 
were killed when they began to show lameness — fourteen days to 
thirteen months after the inoculation. The tubercular lesions thus 
produced were examined for bacilli and these were never found 
absent. The starting-point in every instance must have beeu a 
tubercular embolus in one of the small arterial branches in the 
extremity of the bone. 

The opinion that tubercle is capable of inoculation was held by 
many ancient writers, and Laennec himself, after a nick from a saw 
while making a necropsy on a phthisical subject, thought that he 
witnessed an example of inoculation in a small tubercle in the skin, 
but twenty years afterward this great physician and teacher was in 
good health, though finally he died of phthisis. 

Inoculation-tuhercndosis. 

Schmidt (" Uebertragbarkeit der Tuberkulose durch cutane Imp- 
fung," Munchen. artzliohes Intelliyenzblatt, 1883, Nos. 47 and 48) 
made a number of experiments to ascertain the effect of inoculations 
of superficial abrasions of the skin with the virus of tuberculosis. 
In guinea-pigs he made slight cutaneous abrasions of the skin to 
which he applied tubercular material, and covered the point of 
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inoculation with collodium. All of his experiments failed in pro- 
ducing tuberculosis, while in the control animals in which the infec- 
tious material was introduced into the subcutaneous tissue, or into 
the peritoneal cavity, tuberculosis developed without a single excep- 
tion. He believes that the results of these experiments are only 
corroborative of the assertion previously made by Bollinger and 
Koch that the susceptibility of the cutis for tubercular infection is 
slight. A sufficient number of well-authenticated cases, however, 
have been reported during the last few years to prove that in man 
tuberculosis is not infrequently contracted by the absorption of 
tubercular material through small wounds and superficial abrasions 
of the skin. Volkmann a number of years ago made the statement 
that tubercular infection never takes place through large operation 
wounds, or at the site of severe injuries, but that localization of 
the bacillus is likely to take place in parts the seat of very slight 
contusions, or what may appear at the time as an insignificant 
injury. He explained this by assuming that the active tissue- 
changes which take place during the process of regeneration after 
a severe trauma prevented the infection. In studying the cases of 
inoculation-tuberculosis, which will be referred to below, it will be 
seen that the infection-atrium was always caused by a trivial injury. 
Martin du Magny {Contribution a I'itude de I' inoculation tuber- 
culeuse chez Vhomme, These, Paris, 1886) has collected the clinical 
material of cases of inoculation-tuberculosis and in his comments 
upon them asserts that the sputum of phthisical patients and animal 
excretions were the usual carriers of contagion, consequently, the 
affection is most frequently met with among physicians, nurses, 
butchers, and teamsters. The external appearances manifested at 
the point of inoculation consist of the formation of a red nodule 
in the skin which increases slowly in size and forms a miliary 
abscess in which papillomatous proliferation takes place, and around 
which a new zone of infiltration forms, which in turn again sup- 
purates and becomes papillomatous. The centre heals with the 
formation of a flat cicatrix, while the destructive process progresses 
slowly in a peripheral direction. Raymond ("Contribution k 
I'etude de la tuberculose cutane par inoculation directe," France 
MSd., 1886, p. 99) reports two cases. In the first case the patient, 
suffering from advanced tuberculosis, inoculated himself through 
an abrasion of the skin of the hand by sucking a wound to arrest 
hemorrhage. The little wound refused to heal, and became covered 
with a crust under which suppuration was going on. Later, a 
papillomatous elevation formed, which continued to ulcerate on the 
surface. The margins of the ulcer were surrounded by an infil- 
trated zone, the skin covering it presenting a brownish color. The 
second case, a healthy man, injured himself by the prick of a thorn. 
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The wound became infected with the sputum of his phthisical wife. 
The puncture became the centre of a papillomatous swelling sur- 
rounded by a dark red zone. Suppuration took place at several 
points at the same time. The whole of the diseased portion of the 
skin was removed and the sections taken from it, on staining, 
showed the presence of numerous bacilli. In both cases the period 
of incubation was three weeks. 

Hanot {Archives de Physiologie, July, 1886) has collected six 
observations which .would tend to show that tubercular inoculation 
in man does take place, one case having fallen under his own 
observation. In the case observed by Hanot, the patient was in 
the third stage of phthisis, and died soon after with a tubercular 
ulcer on the arm of at least two years' standing ; while the history 
of cough only dated from the last two months, which would show 
that the cutaneous lesion preceded the pulmonary, and was the 
cause of the phthisis. In the cases which he collected tlie sources 
of inoculation were necropsies on tubercular subjects, nursing 
phthisical patients, handling old bones, pricking the hand with a 
fragment of porcelain from the broken spittoon of a phthisical 
patient, and in four of the cases the tubercular character of the 
cutaneous lesion was verified by finding the bacilli. 

Axel Hoist mentions the case of an attendant on phthisical 
patients at a hospital, who had suffered for a long time from atonic 
ulceration of the fingers, which had been treated unsuccessfully by 
various external applications; no tubercle bacilli could be found 
with certainty in the sores. Later, the man was affected with 
tuberculous glandular swelling in the axilla, which contained a 
considerable number of bacilli, and Hoist considers that it is highly 
probable that the patient had been infected through the ulcers. 

Merklen (" Inoculation tuberculeuse localis6e aux doigts," Gazette 
hebd., 1885, ISTo. 27) presented a case of inoculation tuberculosis to 
the Society des hopitaux in which the infection of the wife of a 
phthisical husband could be clearly traced, and had occurred 
through the fissures of the fingers. At the point of inoculation 
hard nodules formed in which bacilli were found; this was followed 
by tubercular lymphangitis, which finally led to pulmonary tuber- 
culosis. The patient had previously been in perfect health and 
without any hereditary taint. 

Eiselsberg ("Beitrage zur Impf-tuberculose beim Menschen," 
Wiener med. Wochensehrift, 1887, No. 53), during the last few 
years, has observed four cases of inoculation-tuberculosis. The first 
case was a girl sixteen years old, in whom the disease developed in 
the track of a perforation of the lobe of the ear made preparatory 
to the wearing of an earring, and which was kept from closing by 
the insertion of a thread. The tubercular product appeared in the 



166 TUBERCULOSIS. 

shape of a hard swelling the size of a hazelnut. The second case 
was a young man who injured himself with the point of a knife 
above the external epicondyle of the humerus. Eighteen days later 
a swelling the size of a pea appeared at the site of injury with an 
ulcerated surface covered by pale flabby granulations. In the 
axilla of the same side one of the lymphatic glands was found 
enlarged to the size of a hazelnut. The third case concerned a 
woman fifty years of age, who is supposed to have infected herself 
by washing the clothes of a person the subject of a tubercular 
abscess of the spine, and who with her fingers scratched an acne 
pustule on her face. At this point, six to eight days later, a pain- 
ful swelling the size of a pea formed which subsequently became in- 
durated and opened spontaneously in six weeks. At the end of three 
months the place of inoculation presented an ulcer with indurated 
margins. In the fourth case the inoculation followed in the track 
made by the needle of a hypodermic syringe in a girl twenty years 
of age. The swelling opened after six weeks, and a small quantity 
of pus was discharged. Four months, subsequently, the fistulous 
opening communicated with an abscess cavity the size of a silver 
dollar, lined by a wail of granulation tissue In all of these cases 
no evidences of tuberculosis could be detected in any of the inter- 
nal organs, and the local disease could be traced in every instance 
to some antecedent lesion through which the infection had evidently 
taken place. The diagnosis in all cases was based on an examina- 
tion of the granulation tissue for the bacillus of tuberculosis, which 
was always found present. 

Tschering (" Inoculations-tuberculose bei Menschen," Fortsehritte 
der Medidn, 1885, No. 3) reports an exceedingly interesting case 
of inoculation-tuberculosis occurring in a person who injured a 
finger with a broken spittoon used by a phthisical patient. From 
the little wound the tubercular infection extended to a tendon 
sheath and later to the axillary lymphatic glands. 

Lennander (Abstract, Annals of Swrgery, June, 1890) reports a 
case of tuberculosis of the skin following vaccination. The patient, 
a student of philosophy, thirty-five years old, presented tubercu- 
losis of the skin of the right upper arm. The lesion had developed 
after the first vaccination, and later extended over a larger part of 
the upper arm. After repeated curetting and cauterizing the place 
healed over finally after grafting by Thiersch's method. 

I have seen a number of cases of well-marked tuberculosis of 
the skin in which the diagnosis was verified by inoculation experi- 
ments and microscopical examination in every instance. I had 
every reason to suspect that the lesions were the result of cutaneous 
inoculation. I also had under treatment a well-marked case of 
extensive subcutaneous tuberculosis of the hand in the person of 
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the mother of several children, who had died of pulmonary tuber- 
culosis. The disease originated near the tip of the index finger at 
the site of a former abrasion in which a papillomatous swelling 
formed. This ulcerated and partly healed, when the disease com- 
menced to spread along the subcutaneous connective-tissue, and had 
extended almost over the entire dorsum of the hand at the time 
she came under my care. A number of fistulous openings existed 
which discharged only a few drops of thin, serous pus daily. The 
subcutaneous tissue was transformed into a mass of granulation 
tissue which was removed after free incision with a Volkmanu's 
spoon, and the wound surfaces were freely iodoformized. The 
process of repair was slow but satisfactory. 

Tubercular Infection of Wounds. — Eiselsberg's case has 
already been described in which tubercular infection took place 
through a small punctured wound of the arm. 

Middeldorpff ("Ein Fall von Infection einer penetrirenden 
Kniegelenks-Wunde durch tuberculoses Virus," Fortschritte der 
Medicin, 1886) reports the case of a healthy carpenter who opened 
his knee-joint by the cut of an axe, and dressed the wound with a 
soiled handkerchief. The wound healed kindly, but later the joint 
became swollen, tender, and painful. Resection was performed, 
and on examining the capsule it was found very much thickened. 
In the granulation tissue bacilli were found. 

Czerny (Centralblatt f. Chirurgie, 1886) reports two cases in 
which tuberculosis followed in wounds treated by Reverdin's trans- 
plantation of skin. In both instances the patients were healthy, 
and the skin transplantation was made during the treatment of 
extensive burns. The skin was taken from limbs amputated for 
tubercular aifections. In both cases tuberculosis of the adjacent 
joint occurred and in one of them tuberculosis of the granulating 
surface. 

A case of tubercular infection through earrings is related ( Wiener 
med. Presse, 1889) in a girl, fourteen years of age, of a perfectly 
healthy family, who wore earrings left to her by a friend who had 
died of pulmonary tuberculosis. Soon ulcers appeared on the lobes 
of both ears, the cervical glands became swollen, and percussion and 
auscultation revealed infiltration of the apex of the left lung. Tuber- 
cle bacilli were found in the ulcers and sputa. This case is only 
another instance of inoculation-tuberculosis where from the point 
of injection the disease extended along the lymphatic system and 
finally systemic infection occurred from the entrance of the bacilli 
into the general circulation. 

Wahl (" Mittheilungen eines Falles von Inoculations Tuberculose 
nach Amputation des Unterarms," Verh. der Deutsehen Gesellschafi 
f. Chirurgie, XV. Congress) amputated the arm of a boy suffering 
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from gangrene, the result of an injury, and dischargad the patient 
with the wound completely healed, except a small granulation sur- 
face from which the drainage-tube had been removed. At home 
the wound was dressed by a girl suffering from tuberculosis. The 
wound showed soon all the characteristic appearances of fungous 
disease, and the lymphatic glands became infected from this source. 

Konig {Die Chirurgisohe Klinik in Gottingen, Leipzig, 1882) has 
observed sixteen cases of inoculation-tuberculosis, following opera- 
tions for tuberculous disease of bones, and two such cases have been 
described by Kraske (" Ueber tuberculose Erkrankuug der Wun- 
den," Centralhlatt f. Chirurgie, 1885, p. 565). 

iNOCULATiour FOLLOWING CiRCUMCisiON. — A number of cases 
of inoculation-tuberculosis following circumcision are on record in 
which the infection often occurred in the practice of orthodox Jews, 
who performed the operation in accordance with the directions laid 
down in the Mosaic laws. The loose connective-tissue of the pre- 
puce, richly supplied with lymphatics, is an admirable surface for 
absorption, and when brought in contact with infectious material 
would furnish the most favorable conditions for the production of 
local lesions and the transportation of microbes along the lymphatic 
channels to more distant parts. 

. Lehmann (" Ueber einen Modus der Impftuberculose beim Meu- 
chen," Deutsche med. Wochenschrift, 1886) has observed ten cases 
of inoculation-tuberculosis in Jewish boys caused by sucking the 
wound after ritual circumcision by a phthisical person. Ten days 
after circumcision the wound became the seat of ulceration, and the 
inguinal glands began to enlarge. Four of the children died of 
tubercular meningitis, and three died after a prolonged illness 
caused by multiple tubercular abscesses. 

Hofmokl has reported a similar case, and Weichselbaum detected 
the bacillus of tuberculosis in the circumcision wound. 

Elsenberg {Oentralblatt f. Baoteriologie u. Parasitenhunde, B. ii. 
S. 577) has described three new cases of inoculation-tuberculosis 
after circumcision. All the cases were infants, and the disease 
appeared primarily in the wound, or cicatrix, and later, in the 
inguinal glands. Local treatment by evidement proved successful. 
The diagnosis was corroborated by microscopical examination of the 
granulation tissue. 

Meyer ("Ein Fall von Impftuberculose in Folge ritueller Cir- 
cumcision," New Yorker Med. Presse, June, 1887) reports a case 
in which circumcision was performed according to the rites of the 
church eight days after birth by an old man, and in which four 
weeks after the operation an induration appeared at the frenulum 
and the inguinal glands about the same time began to enlarge. 
Syphilis was suspected, and the patient was put on a specific course 
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of treatment. The inguinal glands suppurated and another small 
abscess formed in the right gluteal region. The diseased tissue 
about the glans penis was excised. Microscopical examination of 
the granulations revealed the presence of miliary tubercles and 
bacilli in great abundance. The above cases furnish abundant 
proof of the possibility of the transmission of tuberculosis by cutane- 
ous inoculation through abraded surfaces, small wounds, and granu- 
lating surfaces, and deserve the most careful attention of surgeons 
in the matter of prophylaxis, diagnosis and treatment. 



OHAPTEE XVII. 

CLINICAL rOEMS OF SURGICAL TUBERCULOSIS. 

It is but a few years ago since the forms of tuberculosis to which 
allusion will be made here were not correctly understood, and con- 
sequently a rational surgical treatment was out of the question. 
Most all of the localized tubercular processes were included under 
the general term scrofula, and were looked upon as local manifesta- 
tions of a general dyscrasia, and treated in accordance with this 
view of their pathology. The discovery of the bacillus of tuber- 
culosis has rendered the word scrofula obsolete, and has assigned to 
the tubercular processes in the various organs and tissues of the 
body their correct etiological and pathological significance and 
paved the way for their successful surgical treatment. 

1. Skin. 

a. Tuberculosis verrucosa cutis. Riehl u. Paltauf ("Tubercu- 
losis verrucosa cutis," Vierteljahrsschrift /. Dermatologie u Syphilis, 
B. xiii. S. 14) have described an affection of the skin, under the 
name of tuberculosis verrucosa cutis, in which the bacillus of 
tuberculosis was constantly found, and which they attributed to 
local infection, because all of the patients they examined were 
persons handling animal products. Riehl (" Tuberkel Bacillen in 
einem sogenannten Leichen-tuberkel," Centralblait f. Ohirurgie, 
1885, No. 32) has shown, by finding the tubercle bacillus in the 
warty affections of pathological anatomists, the probable tuberculous 
nature of this condition of the skin, although the infection may be 
a mixed one. 

b. Lupus. The long debate which has been carried on for years 
as to the identity or non-identity of lupus and tuberculosis has ter- 
minated in favor of those who argued that lupus is a tuberculosis 
of the skin, hence the term lupus should be omitted from nomen- 
clature, and the term tuberculosis, as applied to the skin and mucous 
surfaces, should be qualified by the anatomical name of the surface 
affected. 

Finger (" Lupus und Tuberculose," Centralblatt f. Bacteriologie 
u. Parasitenkunde, B. xi. S. 348), in a lengthy and able article, 
makes a careful inquiry into the identity of lupus and tuberculosis, 
and after a careful review of all that pertains to this subject decides 
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in favor of its tubercular origin and character. He alludes to the 
views of Hebra, Virchow, Klebs, Hueter, and others. From a 
clinical standpoint Hebra brought the different varieties of lupus 
under one common head. He separated it entirely from syphilis, 
but otherwise did little to fix its pathological significance. He 
adopted the classification of Fuchs, and the older French and 
English authors, who taught that it was one of the manifestations 
of scrofula, and that anatomically it was composed of granulation 
tissue. Virchow classified it with the granulomata, but denied its 
identity with scrofula. Rindfleisch described it as a proliferation 
of epithelial cells, as a sort of phthisis cutanea. Eppinger referred 
to it as a product of connective-tissue growth and proposed its 
classification with carcinoma. Klebs looked upon it as a specific 
affection, and histologically included it among the small-celled leu- 
cocytoses. Hueter, who in his pathological views was generally far 
in advance of his time, affirmed that it was a form of fungous 
inflammation, the specific cause of which, when introduced into the 
organism, produced a miliary tuberculosis. Volkmann included it 
among the affections composed of granulation tissue. Friedlander 
(" TJeber locale Tuberculose," Volkmann's KliniscJie Vortrdge, 
1881, No. 31) was the first to take a positive stand in asserting that 
lupus is a tubercular affection of the skin, and showed its histologi- 
cal identity with other recognized forms of local tuberculosis. He 
demonstrated the presence of miliary tubercles in it, and that these 
nodules were composed of giant and epithelial cells, the same as in 
tubercles of the lungs. The views entertained by Baumgarten as 
to the histological structure of lupus are different from those just 
described. He believed that in the miliary tubercle the abundance 
of epithelioid cells predisposed to caseation and suppuration, while 
he recognized in lupus, as the most characteristic distinguishing 
features, absence of caseation and suppuration and the presence of 
cicatricial tissue. He admits, at the same time, that lupus may be 
closely allied to tuberculosis. 

Schiiller (" Ueber die Stellung des Lupus zur Tuberculose," 
Ckntralblatt f. Chirurgie, 1881) opposed Baumgarten and empha- 
sized the fact that caseation, characteristic as it might be for all 
tuberculous affections, always constitutes only a secondary condition 
and depends upon the soil present in and around the nodule. The 
absence of caseation in lupus, which in rare cases, however, has 
been shown to be present by Cohnheim and Thoma, could not be 
urged as a positive and infallible diagnostic criterion of the non- 
tubercular nature of lupus. 

Neisser (Die chronische Infections- Krankheiten der Haut, Ziems- 
sen, B. xiv., 1882) accepts fully and pleads strongly in favor of 
the tubercular nature of lupus. In the meantime Pantlen, Bizzo- 
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zero, Baumgarteu, Chiari, Hall, Jaaisch, Riehl, Vidal, and Finger 
described a new affection, a diffuse tuberculosis of the skin and 
mucous membranes, occurring as a sort of secondary localization in 
patients suffering from advanced tuberculosis. To prove that 
lupus and tuberculosis are identical it became necessary to furnish 
the necessary experimental proof, and to show the uniform pres- 
ence of the bacillus of tuberculosis in the lupus tissue. The inocu- 
lation experiments with lupus tissue have already been mentioned, 
and from them it can be learned that with few exceptions they 
were followed by positive results; that is to- say, implantation of 
lupus tissue into the subcutaneous tissue or peritoneal cavities of 
animals susceptible to tuberculosis gave rise to local tuberculosis at 
the point of implantation, and to dissemination of the process in a 
manner characteristic of tuberculosis in man. 

Demme (" Lupus und Tuberculose," Wurzburger med. Bldtt., 
1887) reports two cases of cutaneous inoculation-tuberculosis in 
man. The first case, a nurse girl, contracted an ulcerating lupus 
from a child three years of age which died of tubercular ulceration 
of the tonsils, and tuberculosis of other organs. The second case 
was a child with eczema which slept in the same bed with its 
phthisical mother. Sections of the eczematous skin, stained and 
examined under the microscope, showed numerous bacilli. The 
child died later of hemorrhage of the stomach, the cause of which 
at the necropsy was shown to be a tuberculous ulcer of the stomach. 

Demme enumerates the following reasons as showing the identity 
of lupus and tuberculosis : 

1. Similarity of histological structure. 

2. Presence of the bacillus of tuberculosis in the granulation 
tissue of lupus. 

3. The production of typical tuberculosis in animals not immune 
to this disease by implantation of lupus tissue, or injection of a 
pure culture of the bacillus of tuberculosis obtained from lupus 
tissue. 

4. The fact that patients suffering from lupus are frequently 
attacked by and die of tuberculosis of other organs. 

5. The prevalence of tubercular affections among relatives suf- 
fering from lupus (hereditary predisposition). 

Boeck has made the statement that, of sixteen cases of lupus, 
three die subsequently of pulmonary and general miliary tubercu- 
losis. Heiberg reports death from tubercular meningitis in a 
lupus patient. 

Rassdnitz (" Zur Aetiologie des Lupus vulgaris," Vierteljahrs- 
schriftf. Bermat. und Syphilid, 1882) collected 209 cases of lupus 
and found that in thirty per cent, of all the cases it was associated 
with other evidences of tuberculosis. He placed, also, great 
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importance on the observations that Uipus is proue to develop in 
the sear left after the healing of a localized tubei-culosis in lym^ 
phatio glands, and that lupus is often observed upon the nose or 
eyelids in cases of chronic nasal or conjunctival catarrh. In ten to 
fifteen per cent, of his cases lupus could be traced to a hereditary 
predisposition. Demme observed miliary tuberculosis in two of 
his cases after scraping lupus. Pontoppiudau asserted that, in his 
experience, in fifty to seventy-five per cent, the patients manifested 
additional evidences of tuberculosis. 

Quinquaud {De le Scrofule, Th^se, Paris, 1880) saw in three 
cases of lupus pulmonary tuberculosis appear as the final cause of 
death. 

. Of thirty-eight cases that came to the personal knowledge of 
Bessnier (Le Lupus et son Traitement. Ann. de Bermat., 1883), 
eight of them suffered from pulmonary phthisis. Of two patients 
treated by Aubert, one died of acute pulmonary tuberculosis, and 
the other of tubercular pleuritis after scarification, Renouard was 
able to ascertain the existence of pulmonary phthisis in fifty per 
cent, of his cases of lupus. 

Block (" Klinische Beitrage zur Aetiologie u. Pathogenese des 
Lupus," Vierteljahrsschrift f. Dermat. u. Syphilis, 1886) met with 
tuberculosis in other organs before or after the development of 
lupus, in 114 out of 14i cases. Bender (" Ueber die Beziehungen 
des Lupus vulgaris zur Tuberculose," Berl. Min. Wochenschrift, 
1886) examined 374 cases of lupus. In 159 of these cases an 
accurate account could be obtained. In 99 of the latter number 
symptoms of other antecedent or coexisting tuberculous lesions 
existed. In 77 of the cases tuberculosis in an etiological or clinical 
aspect was present. 

Leloir (" Recherches nouvelles sur les relations qui existent 
entre le lupus vulgaris et la tuberculose, " Annal. de Dermat. et 
Syphilis, L, viii.) observed several cases in which after years a 
lupus of the face gave rise to a pseudo-erysipelatous swelling of the 
face which disappeared after a time, to be followed by swelling of 
the submaxillary lymphatic glands, which remained stationary. 
Soon after the affection of the lymphatic glands had appeared, 
febrile disturbances, gastric symptoms, and evidences of pulmonary 
infiltration followed. In all of these cases, Leloir believes that 
the virus of tuberculosis had left the primary location and had 
migrated through the lymphatic vessels and glands into the lungs. 
In ten out of his seventeen cases, the tubercular nature of lupus 
was clinically manifest. 

Sachs (Beitrage zur Statistic des Lupus," Centralblatt f. Ohi- 
rurgie, 1887, iN'o. 2, p. 19) ascertained that of 105 cases of lupus 
which he had collected, in eighty-six per cent, the patients had 
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coexisting tuberculosis in otlier parts of the body, or a hereditary 
predisposition to tuberculosis could be shown to exist. 

The above literature furnishes strong clinical evidence of the 
identity of lupus with tuberculosis, but the following bacteriologi- 
cal reseai'ches furnish the final and conclusive proof. Koch in his 
paper on the etiology of tuberculosis (previously quoted) states that 
he produced a pure culture of the bacillus of tuberculosis from a 
case of lupus which resembled in every respect the culture obtained 
from recognized tubercular lesions, and with the fifteenth genera- 
tion from this source, one year after the first cultivation, he inocu- 
lated five guinea-pigs by subcutaneous injection, and produced 
typical tuberculosis in all of thera. 

Doutrelepont (" Tuberkel-bacillen im Lupus," Monatschrift f. 
prakt. Dermatologie, 1883), in seven cases of lupus, found the bacillus 
of tuberculosis invariably present in greater or less number, either 
within the cells, or dispersed in small groups between them. He 
never found them in giant cells, but in their immediate vicinity. 
In a second paper the same author (" Zur Therapie des Lupus," 
Monatschrift /. praht. Dermatologie, 1884) reports eighteen addi- 
tional cases of lupus, in each of which the presence of the bacillus 
could be demonstrated. 

Demme (" Zur diagnostischen Bedeutung der Tuberkel-bacillen 
fiir das Kindesalter," Berl. Min. Woohensc/irift, 1883) in six cases 
of lupus detected the bacillus of tuberculosis. Pfeiffer (" Tuberkel- 
bacillen in der lupos erkrankten Conjunctiva," Berl. Min. Wochen- 
schriff, 1883) demonstrated the presence of the specific microbic 
cause of tuberculosis in a case of lupus of the conjunctiva. 

Schuchardt and Krause (" Ueber das Vorkommen der Tuberkel- 
bacillen bei fungosen und scrofulosen Eutziindungen," Fortschritte 
der Medicin, 1883) found the bacillus of tuberculosis in three cases 
of lupus afiecting the face, ears, and legs. In examinations made 
of eleven cases of lupus by Cornil and Leloir, and four by Koch 
for the especial purpose of showing the identity of lupus and tuber- 
culosis, the bacillus was found in every instance. In the artificial 
tuberculosis of animals produced by implantation of lupus tissue, 
the bacillus of tuberculosis was shown to exist by Pagenstecher, 
Pfeiffer, Koch, and Doutrelepont. 

2. Primary Tubermlosis of Iris. 

Griffith {Bntish Medical Journal, Dec. 21, 1889) has related a 
case of primary tuberculosis of the iris which occurred in a seven 
months old female child. The eye had been affected for one month ; 
there was an enlarged gland in the neck on the same side, but there 
were no other physical signs of tubercle. No history of heredity. 
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A yellowish nodule grew from the periphery of the iris of the 
right eye, and numerous millet-seed bodies from its surface ; the 
pupil was closed, but there was no acute inflammation. The local 
disease increased rapidly in extent. The eye was enucleated after 
three weeks' treatment. The disease was found to be confined to 
the iris and ciliary body. Under the microscope the new-growth 
showed the characteristic structure of tubercle. In 32 recorded 
cases in which microscopic and bacteriological tests left no doubt 
as to the tubercular nature of the disease, one eye only was affected 
in 29 ; the average age of the patients was twelve, youngest four 
months, oldest fifty-one years. In 10 cases bacilli were searched 
for, but only found in 4 ; in one of the remaining 6 cases, however, 
the inoculation test was successful. A number of patients recovered 
completely and permanently after enucleation. 

3. Tuberculosis oj the Inteirnal Ear. 

That an ordinary otitis media with perforation of the tympanum 
may occasionally be transformed into a tubercular lesion by the 
entrance from without of bacilli of tuberculosis there can be no 
doubt. Habermann {Frager med. Woehensehrift, March 7, 1888) 
has recently investigated this subject by examining, post-mortem, 
18 tuberculous subjects in whom either otorrhoea or deafness without 
active discharge had been observed during life, and in nine of these 
he could demonstrate the presence of tubercular lesions in the 
auditory canal. In one case he found in the left auditory appara- 
tus tuberculosis of the entire middle ear, where the tympanum was 
intact. In another tubercular subject, a man, thirty-eight years of 
age, in whom tuberculosis of the ear was observed a year and a 
half before death, the post-mortem revealed extensive tuberculosis 
of the cochlea, in the internal auditory canal, and in the superior 
semicircular canal, while the other semicircular canals and the 
vestibule were destroyed by caries. 

4. Lymphatic Glands. 

That most cases of chronic inflammation of the lymphatic glands 
are in their origin, course, and final termination, cases of local 
tuberculosis has been satisfactorily shown by clinical experience, 
inoculations, and cultivation experiments. The tubercular virus 
enters the lymphatic circulation undoubtedly most frequently 
through some superficial abrasion, ulceration, eczema, or some 
other affection of the skin, as any _ loss of continuity of sm-face 
may furnish the necessary portio invasionis for the entrance oi 
bailli from without. Volkmann found tubercle ba«|lli in th 
skin of an eczematous forearm. In perhaps 95 out of 100 cases 
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of tuberculosis of the lymphatic glands the disease attacks the 
glands of the neck, as the scalp, face, and mouth are parts of 
the body frequently the seat of slight injuries and superficial 
lesions, and consequently often exposed to tubercular infection.. 
The lymphatic glands are filters for the microbes which enter the 
body through the lymphatic vessels The pathological conditions 
which are produced in the interior of a lymphatic gland by the 
presence of pathogenic microorganisms are well calculated, for the 
time being, at least, to limit the affection. The lymphadenitis 
which is produced blocks the lymph spaces with the products of a 
specific inflammation which temporarily at least mechanically fixes 
the microbes in their location. Primary infection of a lymphatic 
gland by the bacillus of tuberculosis in many instances attacks dif- 
ferent portions of the gland from the very beginning, as a number 
of independent centres of tissue-proliferation are established around 
each microbe which has become arrested on its way through the 
gland. These separate nodules soon become confluent and form a 
mass of considerable size, which soon implicates the entire paren- 
chyma of the gland. Local diffusion of the bacillus of tubercu- 
losis in the interior of the gland is accomplished by the assistance 
of the lymph stream as long as the bacillus remains free, and 
through the medium of cells as soon as it has become intra-cellular. 
Local infection is not limited to the lymphatic glands on the proxi- 
mal side of the primary focus, as during the course of the disease 
we often observe that lymph glands become involved which are 
not in the direct course of the lymphatic circulation. As the 
bacillus of tuberculosis is non-motile, we can only explain its trans- 
portation iu a direction opposite the lymph current by its convey- 
ance in such a direction by migrating cells. The usual course of 
infection along the lymphatic channels is, however, in the direction 
of the lymph current. The course of the disease is almost charac- 
teristic. A lymphatic gland in the submaxillary or parotid region 
becomes enlarged, and from this centre the infection invades suc- 
cessively gland after gland, until the whole chain of lymphatics 
from the lower jaw to the clavicle has become involved. Another 
interesting feature is observed in reference to the regional diffusion 
of the tuberculous process, as the course of infection usually corre- 
sponds to the location of the gland first affected. If the infection 
has involved primarily one of the deep glands of the neck, the 
glands subsequently invaded belong to the deep lymphatics which 
follow the large vessels of the neck. If, on the other hand, the 
primary infection is located in one of the superficial glands which 
are being irrigated by the lymph which flows through and from 
this gland become the seat of successive infection, showing again 
that regional infection usually takes place in the direction of the 
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lymph current As long as the infection has not extended along 
the entire length of the cham of lymphatic glands the patient is 
protected agamst miliary tuberculosis, but as soon as the virus has 
passed all the lymphatic filters, and has direct access into the tho- 
racic duct, miliary tuberculosis follows as an inevitable result by the 
entrance of the bacilli into the general circulation. 

Weigert ("Die Verbreitungswege des Tuberkelgifts nach dessen 
Jiintritt inden Organismus," Jakrb. f. Kinderheilkunde, B. xxi. S 
146), in his description of the process of dissemination in cases of 
acute miliary tuberculosis, has pointed out that in some cases the 
bacilli are conveyed through the lymphatic system successively 
until they reach the general circulation, while in others, and by far 
the greater number, generalization of the tuberculous process takes 
place more directly by the eutrance of tubercular products through 
a vein, an occurrence which is followed at once by rapid and exten- 
sive diffusion by embolism. When the bacilli of tuberculosis have 
reached the systemic circulation, the intensity of symptoms and the 
subsequent course of the disease depend on the number of bacilli 
which the blood contains. 

Weichselbaum ("Ueber Tuberkel-bacillen im Blute bei allge- 
meiner acuter Miliartuberculose," Am. d. ges. Wienerarzte, 1884, 
No. 3 9), starting with the idea advanced by Weigert that every 
acute miliary tuberculosis is caused by the direct entrance of the 
tuberculous virus into a vein or indirect entrance along the lym- 
phatic channels and through the thoracic duct into a vein, examined 
the blood of three such, and found that it contained numerous bacilli. 
In the lymphatic glands the tubercular process pursues a typical 
pathological course. According to the rapidity of tissue-prolifera- 
tion, or in proportion to the number of bacilli present, the granu- 
lation tissue which is always the first and constant product of 
tubercular inflammation undergoes caseation, and at an early stage 
often numerous centres can be seen from where the retrograde 
degenerative changes take their starting-point. By confluence of 
such caseous foci the entire gland is formed into a cheesy mass. 
Liquefaction of such caseous material results in the formation 
of a fluid which macroscopically resembles pus, but under the 
microscope it presents only the product of retrograde tissue-trans- 
formation, and no well-defined pus corpuscles, and none of the 
microorganisms which are known to produce suppuration can be 
obtained by cultivation experiments, showing conclusively that the 
fluid possesses no pyogenic properties. The bacillus of tuberculosis 
finds in the granulation tissue a soil well adapted to its growth and 
development, but, as soon as caseation takes place, its culture soil 
in that portion of the gland has been destroyed, and its field of 
growth is limited to the surrounding zone of granulation tissue, in 
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which it can be constantly found, while it is absent in the central 
mass, or, at least, only an isolated rod can be found here and there 
on patient, careful search. In all probability the death of the 
granulation tissue which precedes caseation is caused by the action 
of the ptomaines of the bacilli of tuberculosis, which by their toxic 
properties destroy the protoplasm and arrest further cell-growth in 
that portion of the gland as well as reproduction of the micro- 
organisms. When a true suppuration takes place in a tubercular 
lymphatic gland, it does so in consequence of a secondary infection 
with pyogenic microorganisms. A spontaneous and permanent cure 
is not infrequently effected by the substitution of an acute suppura- 
tive process in place of the primary specific chronic inflammation, 
which destroys the entire soil of the bacillus of tuberculosis, aud, 
at the same time, effects complete elimination of the pus-microbes 
and the bacilli through the discharges of the abscess. The capsule 
of the gland furnishes an efficient protection wall to the para- 
glandular tissues against tubercular infection often for months and 
years, but when perforation has once taken place the disease attacks 
the surrounding tissues irrespective of their anatomical structure. 
When a tubercular gland becomes the seat of an acute suppuration, 
the suppurative inflammation appears in the form of a para-adenitis 
with suppuration between the gland aud the surrounding tissues, 
which often terminates in extensive separation of the gland from 
the adjacent tissues. While tuberculosis of the lymphatic glands 
often stands in a direct causative relationship to, and precedes gen- 
eral, diffuse, and pulmonary tuberculosis, it is seldom observed as 
a secondary affection in the course of tuberculous affections of other 
organs. Tuberculosis of the lymphatic glands is an affection usually 
noted for its chronicity, often remaining stationary for many years. 
I have repeatedly seen patients forty to fifty years of age who 
during childhood had suffered from enlarged cervical glands, which 
eventually diminished in size, but did not disappear, which, after 
years, again became the seat of an active tubercular process. In 
exceptional cases this affection pursues an acute course. Delafield 
reports an exceedingly interesting case of this kind {Medical Record, 
vol; i. p. 425, 1885). The disease commenced with an enlargement 
of one of the cervical glands near the angle of the lower jaw with 
a temperature of 40° C. (104° F.) and rapid extension to the 
proximal glands as far as the clavicle. Symptoms of pulmonary 
complication were not present. Rapid emaciation and marked 
anEemia supervened, followed after six weeks by swelling of axillary 
and inguinal glands. Ophthalmic examination revealed the same 
conditions of retina and papilla as in leuksemia or Bright's disease. 
A few days after the beginning of the disease profuse diarrhoea 
and reduction to nearly normal temperature occurred. The diag- 
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nosis was between malignant lymphoma and tuberculous adenitis. 
During the further course of the disease bronchial breathing in 
both lungs appeared. Heart, liver, and spleen appeared to be nor- 
mal. Urine normal, but increase of temperature and respirations 
took place during this time. Death occurred in less than five 
months. At the autopsy the lungs were found congested and oede- 
matous, with red hepatization of the lower lobes, and a few miliary 
tubercles. The spleen contained many miliary tubercles the size 
of the head of a pin, and most of them in a state of cheesy degen- 
eration. The mesenteric glands were much enlarged ; and a few 
of them in a condition of cheesy degeneration and calcification. In 
the cheesy masses bacilli were found. All the cervical glands were 
affected with softening and cheesy degeneration in the centre. The 
calcification of mesenteric glands pointed to an earlier affection. 
The disease remained latent and recurred in the same glands, and, 
later, extended to the cervical glands. This case resembles the 
cases described by Hilton-Fagge and Pye-Smith. Next to the cer- 
vical glands the glands of the axilla are most frequently affected. 
In my experience the operative treatment of tuberculosis of the 
axillary glands has yielded more satisfactory results than when the 
same operation was made under similar conditions on the glands of 
the neck. Tuberculosis of the inguinal glands is an extremely 
rare affection, and when present is usually associated with primary 
tuberculosis of the genital organs. From a practical standpoint 
the following two papers are of great importance. 

Frankel (" Zur Histologic, Aetiologie und Therapie der Lym- 
phomata Colli," Prager Zdtsohrifif. Heilhmde, 1885, Hefte 2 und 
3), for three years, made it his duty to study the histological struc- 
ture of all lymphatic tumors which were extirpated in Billroth's 
clinic. As the result of his observations he classified all primary 
tumors of the lymphatic glands examined into two classes: 1. 
Lymphatic tuberculosis; 2. Lympho-sarcoma. He also described 
a simple hyperplasia of the glands, which present under the micro- 
scope only healthy glandular tissue. In the tubercular glands he 
found the histological structure of tubercle perfect, and never failed 
in detecting the bacillus of tuberculosis. In persons between fifteen 
and thirty years of age he found local tuberculosis of the lymphatic 
glands as a quite frequent affection. In his paper he gives the 
clinical histories of 148 cases of glandular tuberculosis. Only in 
15 of this number were the lungs affected. In 18 the patients were 
weak and badly nourished; while in 72 the general health was 
unimpaired. The age of the patients varied from nine to fatty-one 
yearsf On an average the duration of the disease was from three 
to four years ; the shortest time was two months, and the longest 
thirty years. Of special etiological interest is the case of a woman, 
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fifty-one years of age, who had given birth to two children, their 
father being the subject of advanced tuberculosis, and both of 
■whom died of tuberculosis. She had been in perfect health until 
her forty-ninth year, when she was attacked simultaneously with 
pulmonary and glandular tuberculosis. In 128 of the reported cases 
the glands were extirpated, some of the operations being quite seri- 
ous; in 16 cases the internal jugular vein had to be tied. In 91 of 
the operations the wound healed by primary union, and in 25 the 
healing was retarded by suppuration. Erysipelas complicated the 
result five times. In one of these cases a large part of the tubercu- 
lous mass was left, and it was noticed that the erysipelas had no 
effect on the tubercular process. Only in 49 of the cases operated 
on could the final result be obtained. Taking three and a half 
years as the time when the patient could be considered exempt from 
a recurrence of the disease, it was ascertained that in 24 per cent, 
no relapse followed the operation ; a local relapse was observed in 
14 per cent., and reappearance of the disease distant from the seat 
of operation in 4 per cent. 

As lymphatic tuberculosis, in most instances, signifies the entrance 
of bacilli through a loss of continuity of the skin or of the mucous 
membrane, or through the socket of a carious tooth, localization 
occurring in one of the nearest glands to the portio invasionis, it 
must be looked upon as a local process, and amenable to timely 
surgical treatment by the removal of all of the infected tissues. 
The capsule of the lymphatic glands furnishes an efficient barrier 
against infection of the para-glandular tissue for a long time, and 
perforation only takes place after the disease has made considerable 
progress, and has been followed by extensive caseation, and espe- 
cially by suppuration. Early operations are as necessary in the 
treatment of tubercular adenitis as in the treatment of malignant 
tumors, and holds out more encouragement so far as a permanent 
cure is concerned. By a thorough removal of the primary focus 
of infection, successive infiltration of proximal glands and mihary 
tuberculosis are prevented almost to a certainty if the operation is 
performed before the para-glandular tissues are affected. If the 
operation is done at such a favoi-able time, it is not attended by any 
great difficulties, as the glands can be readily enucleated, and as 
suppuration has not taken place the wound usually heals by primary 
union. If, however, the tubercular inflammation has involved 
many glands, and has extended to the connective tissue surround- 
ing the glands, the operation becomes one of the most formidable 
in surgery on account of the close proximity of important vessels 
which are often imbedded in the mass. Under such circumstances 
a complete removal is often impossible and early local recidivation 
is inevitable, owing to imperfect removal of the infected area. 
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From encysted bronchial gland in miliary tuberculosis. Giant cell 
with radiating arrangement of bacilli. (Koch.) 700 diam. 
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Traumatic dissemination is very liljely to follow all imperfect 
operations, in which portions of glands or infected capsules are left 
behind by inoculation of the surface of the wound with the bacilli. 
I have seen in a number of such cases as early as a week after the 
operation the entire wound surface covered by a thick layer of 
granulation tissue, which showed all the histological evidences and 
possessed all the bacteriological properties of tubercular tissue. As 
an additional testimony in favor of the operative treatment of 
tubercular glands, I will quote from the paper of Schnell ( Ueber 
Urfolge von Ezlirpation tuberculoser Lymphome, Dissertation, Bonn, 
1885), who collected 56 cases of tuberculosis of the cervical glands, 
which were treated by extirpation in the clinic at Bonn. In 37 of 
these cases he was able to learn the ultimate result. In 57 per 
cent, the operation was followed by complete recovery ; in 27 per 
cent, the disease returned at site of operation ; and in four cases 
death resulted from pulmonary tuberculosis. The largest number 
of cases were patients between ten and twenty years of age. 

5. Bones. 

Tuberculosis of the bones is an exceedingly frequent affection in 
children and young adults. Its favorite location is in the epiphy- 
seal extremities of the long bones, although it is also quite fre- 
quently met with in the short bones of the carpus and tarsus, 
and some of the flat and irregular bones, as the ribs, scapula, ilium, 
and vertebrae. Direct infection is never observed, and when the 
disease has made its appearance it is only an evidence of the ex- 
istence of tubercular infection at an earlier day, or the presence 
of a tubercular process in some other organ. We observe clinically 
what Miiller has demonstrated experimentally, that when the bacilli 
of tuberculosis are present in the blood current, very often localiza- 
tion takes place near the epiphyseal cartilage in young persons by 
the microbes becoming arrested in one of the terminal branches of 
an artery, the lumen of which becomes obliterated by the presence 
of an embolus of granulation tissue containing bacilli, or the lumen 
of the vessel is gradually diminished by the formation of a mural 
thrombus, which forms around bacilli implanted upon the vessel 
wall, and the lumen of the vessel is finally completely obstructed 
by the growth of the thrombus. The new vessels in the vicinity 
of the centres of growth in the bones of young persons, on account 
of their imperfect structure and irregular contour, furnish the most 
favorable conditions for the arrest of floating granular matter and 
the localization of pathogenic microbes. This predisposing ana- 
tomical element goes far to explain the frequency with which we 
meet with tubercular foci in the epiphyseal extremities of the long 
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bones. Before the age of puberty it is safe to state that the primary 
lesion in tubercular affections of joints is located in one or both of 
the epiphyses of the bones which enter into the formation of the 
joint, while in the adult primary tuberculosis of the synovial mem- 
brane is more frequently met with. As age advances and the pro- 
cess of ossification is completed, the predisposing localizing causes 
in bone seem to disappear, while the synovial membrane becomes 
more susceptible to primary localization. 

Of 204 specimens of tuberculous joints examined by Miiller and 
quoted by Konig (Die Tuberculose der Knochen und Q-denhe, Ber- 
lin, 1884, p. 66), 158 were primary osteal and 46 primary synovial 
tuberculosis. 

As soon as embolic infection in bone has taken place, a process 
of decalcification occurs around the tubercular embolus or thrombus, 
and the preexisting connective tissue is transformed into embryonal 
or granulation tissue which imparts to the product of the specific 
inflammation its characteristic fungous appearance. It is not often 
that only a single focus of tubercular infection in bone is present ; 
more frequently, two or three foci appear at the same time or in 
slow or rapid succession, and it is not unusual to find that two 
neighboring epiphyses are infected at the same time, or during the 
course of the disease. The granulation tissue in bone undergoes 
the same secondary degenerative tissue-chauges as in the lymphatic 
glands, hence, in advanced cases we expect to meet with caseation, 
liquefaction of the caseous material, and suppuration in cases of 
secondary infection with pyogenic microbes. The obstruction of a 
small artery by an embolus or thrombus which contains the bacilli 
of tuberculosis usually leads to sequestration of a triangular piece of ' 
bone which maps out the area of tissue which received its blood- 
supply from the obstructed vessel; thus the triangular sequestra are 
formed that are so frequently met with in osteal tuberculosis of the 
epiphyseal extremities. It is seldom that tuberculosis of bone de- 
\velops in the course of pulmonary tuberculosis, but pulmonary and 
miliary tuberculosis can often be traced to a tuberculous focus in a 
bone. The intimate relations which exist between the tubercular 
nodule in bone and the bloodvessels furnish a satisfactory explana- 
tion *of the frequency with which systemic infection takes place. As 
soon ais the granulation process reaches an adjacent vein, the tissues 
of the veia-wall undergo the same process, and the bacilli reach the 
lumen of the vessel and reenter the systemic circulation, and give 
rise to miliary tuberculosis in organs which are anatomically pre- 
disposed to localization. As long as the decalcification of the sur- 
rounding bone goes on, the infection is progressive ; but as soon as 
sclerosis takes place the process becomes limited, as the microorgan- 
isms are shut in, as it were, by an impermeable wall of sclerosed 
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bone. The most unfavorable conditions are created in cases in 
which the tubercular focus becomes the seat of a secondary infec- 
tion with pyogenic mici'obes, as the suppurative process opens up to 
the bacillus of tuberculosis new areas for infection in which the 
resistance of the tissues to tubercular infection has already been 
greatly diminished. It is also during the suppurative stage that 
joint complications are most likely to arise. The clinical history 
of cases of tuberculosis of bone, as well as the macroscopical and 
microscopical appearances of the lesion, are typical of tuberculosis 
as found in other organs. The crucial test which proves the tuber- 
cular character of most of the chronic inflammatory affections of 
bone in children has been furnished by bacteriological investiga- 
tions. Most of the investigators who have studied the subject 
agree that in tubercular bone affections it is sometimes very diffi- 
cult to find the bacillus, that it is not found in great abundance, 
and that sometimes it has evaded even the most careful search. 

Sehuchardt and Krause (" Ueber das Vorkommen der Tuberkel- 
bacillen bei fungosen und scrophulosen Entziindungen," Fortschritte 
der Medicin, B. i. No. 2, p. 277) examined a great variety of tuber- 
cular lesions and came to the conclusion that tubercle bacilli are 
present without exception, but, as a rule, few in number, and only 
to be found after long and patient search. They found them 
invariably present in cases of secondary and primary tuberculosis 
of synovial membranes, tuberculosis of bone, in tubercular abscesses, 
and in the latter cases not in the pus, but in the granulations of the 
abscess-wall. 

Renken (Jahrbuohf. Kinderheilkunde, B. xxv.) found the bacillus 
of tuberculosis in all cases of spina ventosa which he examined. 

Miiller (" Ueber den Befund von Tuberkel-bacillen bei fungosen 
Knochen und Gelenkaffectionen," Centralhlatt f. Chirurgie, 1884, 
No. 3) studied carefully numerous specimens of synovial and bone 
tuberculosis with special reference to the existence of the bacillus 
of tuberculosis, and although the results in a number of cases were 
negative, he believes that the most intimate and direct etiological 
relations exist between the bacillus and all tubercular lesions iy 
bones and joints. Among others who have shown the never-failing 
presence of the bacillus of tuberculosis in different forms of surgi- 
cal tuberculosis, including bones aud joints, may be mentioned 
Kanzler (" Ueber das Vorkommen des Tuberkel-bacillus in scro- 
phulosen Localerkrankungen," Berl. Idin. Woohenschrift, 1884, pp. 
23-41), Mogling (Ueber ehirurgisehe Tuberculosen, Dissertation, 
Tiibingen, 1884), Bouilly (" Note sur la presence des bacilles dans 
les lesions chirurgicales tuberculeuses," Revue de Chirurgie, 1883, 
No. 11), and Letulle (aas. hebd. de MSd. et Chir., 1884, 49, 51, 
52). Kanzler wished to make a distinction between scrofulous 
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affections and tuberculosis, as he found the bacilli not as constant 
in the former, and observed that after implantation of tissue of 
scrofulous affections in animals, the process was slower than after 
inoculation with tubercular products. Letulle considers scrofula 
and tuberculosis as belonging to one and the same disease, of which 
the former constitutes the milder form, and appearing externally, 
while the latter represents the graver form, attacking in preference 
the internal organs. The points made by the last two authors are 
too unimportant in still maintaining a scientific, or even practical 
distinction between scrofula and tuberculosis. The surgeon must 
recognize every lesion as tubercular in its origin, nature, and course 
in which the bacillus of tuberculosis can be constantly found, and 
from which successful cultivations can be made, and with which 
the disease in animals can be produced by inoculation. 

7. Joints. 

Tuberculosis of joints is so closely related to the same disease in 
bone, that it often follows the latter, and when it occurs as a pri- 
mary lesion it not seldom extends to the subjacent bone. As 
stated above, it occurs more frequently as a primary lesion in the 
adult than in children. Primary infection is only possible through 
a wound of a joint, as in the case referred to under the head of 
inoculation-tuberculosis. Tubercular infection of an intact joint 
presupposes the entrance of the bacillus of tuberculosis through 
some infection-atrium into the systemic circulation, or, the diifii- 
sion of bacilli through the same channel from some preexisting 
tubercular focus, and the localization of floating bacilli in the 
synovial membrane by capillary embolism, or mural implantation. 
A single tubercular nodule on the surface of the synovial mem- 
brane may lead in a comparatively short time to diffuse tubercu- 
losis over the entire surface of the membrane by local diffusion of 
the microbe, in which the movements of the joint play an impor- 
tant part. When the synovial surface has become the seat of diffuse 
tuberculosis, the tissues undergo the same pathological changes as 
during the first stage of tuberculosis in other organs, and it is the 
characteristic granulation tissue which has given to this form of 
arthritis the name of fungous synovitis and synovitis hyperplastica 
granulosa. During the early stages of the disease the surgeon meets 
with two distinct classes; in one the tubercular infection produces 
a pulpous condition of the entire synovial sac, with little or no effu- 
sion into the joint, the swelling being due entirely to the presence of ' 
a thick layer of granulation tissue, the true tumor albus of the older 
writers. This form of tuberculosis gives rise at an early stage to 
extensive deformity of the joint, flexion, rotation, and, in the case 
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of the knee-joiDt, partial dislocation of the tibia backward. lu the 
other variety, the fiiugous granulations are less marked, but a 
copious effusion into the knee-joint takes place, which simulates a 
catarrhal synovitis until time and the efPect of treatment enable 
the surgeon to make a correct differential diagnosis. In this form 
Konig assures us that he has never observed a tendency to flexion, 
or any other form of displacement of the joint surfaces. If sup- 
puration takes place, which is not very often the case, it begins in 
the granulations which cover the synovial membrane, and the pus 
accumulates in the cavity of the joint until perforation of the cap- 
sule takes place. During the suppurative process, the superficial 
granulations are destroyed, and the tubercular infection penetrates 
deeper, and as, during the destructive process, bloodvessels are 
destroyed the patient is exposed to the additional risks of general 
infection. If such a joint opens spontaneously, or is not incised 
under the strictest antiseptic precautions, the additional infection 
from without leads to the most serious consequences, as under these 
circumstances the pus-microbes are brought in contact with a surface 
which has been admirably prepared for suppurative and septic 
processes by the antecedent pathological changes. 

Tuberculosis of a joint may terminate in a spontaneous cure in 
cases in which the intensity of the infection is slight, or the resist- 
ance on the part of the patient is so great that the fungous granu- 
lations do not undergo degenerative changes, but are converted into 
connective tissue. A partial or complete synechia of the joint is 
often one of the unavoidable results in such cases. This endeavor 
on the part of the organism to limit extension of the disease is 
often observed in cases in which the joint affection occurs in con- 
nection with osteal tuberculosis. As soon as the joint is perforated 
a wall of granulation tissue is thrown out around the seat of infec- 
tion, and under favorable circumstances a partition of cicatricial 
tissue is formed, which isolates the infected from the intact portion 
of the joint. In such instances we have an illustration how the 
tubercular process is retarded, and sometimes permanently arrested 
by the transformation of granulation into connective tissue. For 
such a favorable termination to take place it is necessary that the 
tubercular virus should become attenuated by age, or want of a 
proper nutrient medium, or that the pathogenic effect of the bacilli 
should be neutralized by an adequate resistance on the part of the 
tissues before degenerative changes have occurred in the granulation 
tissue. An exceedingly practical observation has been recently 
made by a number of surgeons in reference to the influence of 
operative interference in tuberculous joints in the dissemination of 
the disease. Konig observed in his own practice sixteen cases of 
miliary tuberculosis following shortly after resection of tuberculous 
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joints, and he believes that the generalization of the process vras 
favored, if not directly produced, by the operation. It is not diffi- 
cult to conceive the modus operandi of such an occurrence. _ Ihe 
resection wound opens numerous veins in the bone, the lumina of 
which remain patent ready for the introduction of minute frag- 
ments of granulation tissue or bacilli, which, on entering the venous 
circulation, are the direct cause of metastatic tuberculosis in distant 

organs. ■ tt n. a o\ 

Wartraann {Deutsche Zeitschrifif. Chirurgie, B. xxiv. Hette 5, 6), 
after giving a careful account of the results following excision of 
tuberculous joints in the hospital practice of Feurer, has collected 
from the practice of different operators 837 cases of excisions for 
tuberculosis. Of this number, 225 died. Of the fatal cases, in 
26 death followed the operation closely, and resulted from acute 
tuberculosis, probably induced by the operation. In these cases we 
must take it for granted that a tubercular focus during the opera- 
tion furnished the essential fragments of granulation tissue, or free 
bacilli which were aspirated, or forced into the openings of wounded 
vessels, and through them into the general circulation. That fungous 
synovitis is a genuine tuberculosis has been abundantly illustrated 
by clinical experience, microscopical examinations, and particularly 
the results obtained by implantation experiments in animals. I 
will only refer to the work of Tavel (Senn : Four Months among 
the Surgeons of Europe, 1887, Chicago, p. 164) in this connection, 
who has been studying in a systematic manner the diagnostic value 
of implantation of tubercular material in animals, mainly guinea- 
pigs. Granulation tissue from' tubercular joints in his experiments 
on guinea-pigs invariably produced acute, diifuse tuberculosis, and 
death in from five to six weeks. The course of the disease in the 
animal is typical ; at the point of inoculation a hard nodule appears 
first, the result of a traumatic inflammation of the tissues around 
the graft. Next a lymphatic gland becomes enlarged in the imme- 
diate vicinity of the primary seat of infection, which is always 
done in the flank, consequently the inguinal glands enlarge first. 
Glandular infection increases rapidly ; after the whole chain of 
lymphatic glands in the groin are involved, the axillary glands 
become aifected. At the post-mortem examination it was always 
found that of the internal organs the spleen becomes afiected first, 
then the liver and lungs, but usually the disease is so diffuse that 
scarcely an organ remains exempt. When the diagnosis between 
syphilis and tuberculosis cannot be made, either clinically or by aid 
of the microscope, inoculation experiments always give positive and 
reliable information. When the lesion is tubercular the animal 
always becomes tubercular and dies. When it is syphilitic, the 
inoculation is harmless, and the animal remains well. So far, only 
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one animgil that was inoculated with tuberculous material has lived 
for five months, and in this case a large abscess formed at the point 
of inoculation a few weeks after the operation. Examination of 
the contents of the abscess showed abundant bacilli of tuberculosis ; 
a gland in the groin remains enlarged, and the disease, if not 
arrested by the suppurative inflammation, may have become latent. 

7. Tendon-sheaths. 

Tuberculosis of the tendon-sheaths, or, as Hueter terms it, tendo- 
vaginatis granulosa, has only recently been recognized and described 
as an independent primary lesion. Hueter, in his most admirable 
text-book on surgery (Grundrm der Chirurgie, B. i. S. 127), says 
that this affection is seldom met with as a primary lesion, but that 
it appears usually as a complication of joint tuberculosis. Volk- 
niann, in his classical article on diseases of joints (" Die Krank- 
heiten der Bewegungsorgane," Pitha u. Billroth, B. xi. S. 866), 
devotes only a few sentences to this part of his subject. The first 
scientific treatise on this affection came from the clinic at Gottingen 
by Eiedel. Another important paper on the same subject was 
published by Beger (" Die Tuberculose der Sehnenscheiden," 
Deutsche Zeitsehrift f. Chirurgie, B. xxi. S. 335), who reports four 
cases that occurred in the clinic at Leipzig. 

The chronic tendo-synovitis, or compound ganglion of the older 
text-books, has been shown to be, on careful clinical observation, 
microscopical examination, and bacteriological research, cases of 
local tuberculosis. The extension of tubercular processes along 
tendon-sheaths from a tuberculous joint after perforation has, for a 
long time, been known to occur, but as a primary lesion it has 
only been recently introduced into surgical nomenclature. When 
this affection occurs primarily and independently of tuberculosis of 
an adjacent joint, infection with the bacillus of tuberculosis takes 
place by localization of floating microbes in some small vessel, and 
subsequently the pathological processes in the tendon-sheaths 
resemble those of tuberculous joints. In some cases the products 
of the disease are massive granulations which occupy the inner 
surface of the tendon-sheath, in others the fungosity is less, but a 
copious synovial exudation is thrown out, while in a third class the 
granulations form hard white masses, the so-called corpora ory- 
zoidea. The intrinsic tendency of the disease consists in progressive 
extension by continuity of structure along the tendon primarily 
affected, and when this teudon is part of a compound tendon the 
disease gradually creeps from tendon to tendon until all of the 
sheaths are involved. As this affection is met with most frequently 
in the tendon-sheaths surrounding the carpus, and as these sheaths 
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are not infrequently in direct communication with tiie w^ist-joint 
by means of small synovial sacs, it extends to the joint by con- 
tinuity of surface. 

Konig (" Die Bedeutung des Faserstoffes fur die pathologisch- 
anatomische und die klinisohe Eutwicklung der Gelenk und Seh- 
nenscheiden-Tuberculose," Centralhlatt f. d. gesammte Med., 1886, 
No. 25) assigns to the bacillus of tuberculosis properties which place 
it among the agents which produce fibrinous inflammation. The 
rice bodies in the tendon-sheaths the seat of a chronic inflammation 
he considers as the product of a fibrinous inflammation caused by 
the presence of the bacillus of tuberculosis. Nicaise, Poulet, and 
Villard (Nature tuberculeuse des hygromes et des synovites tendi- 
neuses a grains riziformes, 1884) examined four cases of hygroma 
containing rice bodies, and found in all of them the bacillus of 
tuberculosis. I have observed this form of inflammation of the 
tendon-sheaths in the common extensors and flexors of the hand, 
the peroneus longus, the tendon of the patella, and the tendo- 
Achillis. One of these cases was remarkable for its acuity. 
The patient was a man sixty years of age, laborer, and addicted to 
intemperance. About the beginning of the year I examined him 
at the request of another physician, and found an oblong swelling 
on the dorsum of the hand corresponding to the extensor tendon of 
the index finger. The swelling was not painful, and but little 
tender on pressure. Fluctuation was well marked ; on deep 
pressure movable bodies could be distinctly felt which were recog- 
nized as corpora oryzoidea. An operation was advised, but was 
declined. A few weeks ago the patient was admitted into the 
Milwaukee Hospital, being completely incapacitated from following 
his occupation. At this time the dorsum of the hand corresponding 
to the index and middle fingers, and the radial aspect of the fore- 
arm as far as the middle, presented a continuous swelling with 
well-marked fluctuation. The swelling had become painful, and 
exceedingly tender on pressure. Under strict antiseptic precau- 
tions the swelling was incised in its entire length, and a large 
quantity of synovia-like fluid and softened rice bodies escaped. 
The sheath of the extensor communis digitorum and extensors of 
the wrist were lined with a' thick layer of fungous granulations, 
and near the annular ligament numerous loose attached rice bodies 
were found. The tendon-sheaths were carefully dissected out, and 
the whole wound, after thorough disinfection, dusted with iodoform, 
drained and sutured. A copious antiseptic dressing of iodoform 
gauze and sublimated moss was applied, and the forearm and hand 
fixed upon an anterior splint. Inoculations of the fluid from the 
sheath upon potato remained sterile. Cultivation upon solidified 
serum, obtained from a hydrocele, showed, after a few weeks a 
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scanty culture of_ the bacillus of tuberculosis. Implantation of one 
of the rice bodies into the subcutaneous connective tissue of a 
guinea-pig resulted in a typical tuberculosis, starting from the 
point of inoculation, spreading to adjacent lymphatic glands, and 
finally resulting in miliary tuberculosis. 

8. Peritoneum, 

Primary tuberculosis of the peritoneum has recently been de- 
scribed as a local tuberculosis amenable in some cases, at least, to 
operative treatment. Localization of the bacillus takes place in 
accordance with the form of tuberculosis, of which three distinct 
varieties are recognized by pathologists and clinicians : 

a. As a part of a general diffuse tuberculosis ; 

b. Extension of an adjacent tubercular process to the perito- 
neum ; and 

c As a primary tuberculosis. 

For the surgeon, only those cases have interest which are classi- 
fied under the second and third varieties. The prevalence of the 
afiection in the female sex among the cases which have been 
reported, points to the Fallopian tubes as the primary seat of infec- 
tion with secondary invasion of the peritoneum from this source. 
Although the genital organs in the male are more frequently the 
seat of tuberculosis than in the female, so far only two cases of 
peritoneal tuberculosis in males have been reported, one by Kiira- 
mell and the other by Lindfors. Tuberculosis of the peritoneum 
by extension from a tuberculous focus in the genital organs can 
only mean an infection by contact, the bacillus of tuberculosis 
transferred from the primary seat of infection, and localization by 
implantation upon the peritoneal surface. Implantation experi- 
ments in animals furnish a good illustration of the manner in which 
the process becomes diffuse. At the point of implantation a granu- 
lation mass forms around the graft, and from here innumerable 
tubercle nodules take their starting-point, forming everywhere 
granulation-tissue^ in which the bacillus may have found a new 
habitat. The movements of the abdominal walls and the peristal- 
tic action of the intestines are potent factors concerned in the local 
dissemination of the tubercular infection. In primary tuberculosis 
of the peritoneum the infection takes place in the same manner as 
in intact joints, by floating bacilli becoming arrested in the capillary 
vessels of the membrane where the primary nodule forms, from 
which again, as from a graft, dissemination takes place. These 
cases are, in the true sense of the word, not cases of primary tuber- 
culosis, as the peritoneal affection is only a local expression of an 
antecedent infection. In peritoneal tuberculosis we observe the 
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same tendency to limitation of the infective process as in joints, by 
the formation of an impenetrable wall of connective tissue, which 
imparts so often to this form of peritonitis its circumscribed char- 

fliCtcr 

Kiimmell ("Ueber Laparotomie bei Bauchfelltuberculose," Ver- 
handl. der Dmtsohen GeseUschaft f. Chirurgie, 1887, p. 323) looks 
upon this form of peritoneal turberculosis as a purely local affection 
amenable to surgical treatment in the same sense as a tuberculosis 
of joints. That some of these cases can be permanently cured by 
local treatment is well shown by a case treated by Sir_ Spencer 
Wells twenty-six years ago by abdominal section, the patient hav- 
ing remained up to this time in perfect health. 

In a recent paper on this subject Fehling (" Beitrage zur Lapa- 
rotomie bei Peritonealtuberculose," Correspondemhlatt f. Schweizer 
drzte, 1887) reports four cases of his own, and gives an account of 
all the operations which have been done up to that time, 21 in 
number. Of this number, 15 recovered, and the patients are known 
to have been well from 1 year to 23 years, and in a number of cases 
their condition was learned 4 to 5 years after the operation. 6 of the 
patients died ; 2 of sepsis, 1 of pyaemia several months after the opera- 
tion, and 3 of the continuance of the disease for which the operation 
was done. In 5 of the cases ascites attended the tuberculosis, and 
in 3 the swelling was not due to effusion but to adhesions between 
the intestinal loops, which were covered with miliary nodules. 

Of fifty-four cases of laparotomy {Medical News, July J 4, 1888) 
in tubercular patients, collected by Trzebicky, four died from the 
immediate consequences of the operation, while in a fifth, death 
occurred after the operation from acute tuberculosis, though the 
fluid had not re-accumulated. One case died in four months of 
general tuberculosis without the peritonitis disappearing ; cures 
resulted in forty cases, though here and there evidence of pulmo- 
nary tuberculosis was reported. The majority of cases were females, 
which may find its explanation in the fact that most were operated 
upon under an error in the diagnosis of ovarian cyst. The statistics 
are yet too meagre, the correctness of diagnosis not entirely above 
doubt, and the period of observation after operation not long 
enough; but, in view of the results, there is no longer any justifica- 
tion for expectant treatment. Even though in some cases recovery 
was not permanent, the fluid did not re-accumulate, and the patients 
were relieved of their distress. Spontaneous recovery from tuber- 
cular peritonitis is exceptional, and operative interference is indi- 
cated the more, as it would seem that, in many cases, tuberculosis 
of the peritoneum is a primary affection, and the source of general 
infection. 

As all other therapeutical measures are futile in such cases, and 
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laparotomy under antiseptic principles may be considered free from 
danger, the operation is certainly indicated. It consists in a free 
incision, thorough evacuation of the fluid, and free drainage. 

Lindfors, in a monograph on this subject {Centralblatt f. Gynd- 
Mogie,^ February 15, 1890), analyzes 109 recorded cases, which 
he divides into seven classes. The acute variety may assume the 
form of circumscribed, general, or suppurative peritonitis ; in the 
chronic there may be a free or an encysted effusion, there may be 
simple adhesions, or the intestines may be so adherent as 'to cause 
intestinal obstruction. Lindfors thinks that the presence of acute 
or chronic pleurisy has an important bearing on the diagnosis of 
tubercular peritonitis. He is strongly in favor of laparotomy and 
the free use of iodoform within the cavity. 

The most recent and comprehensive work on tuberculosis of the 
peritoneum, which has just appeared from the pen of Vierordt 
(" Ueber die Tuberculose der serosen Haute," Zeitschrift f. Idin. 
Medioin, B. xiii. Heft 2), should be consulted by those who wish to 
secure for reference an exhaustive treatise on this subject. 

9. Mouth. 

We have now every reason to believe that many cases of ulcer- 
ation of the tongue and cavity of the mouth which have been 
heretofore diagnosticated and treated as carcinoma, were not car- 
cinoma, but tuberculosis. The recent advances made in the micro- 
scopical, bacteriological, and experimental methods of examination 
have succeeded in separating from syphilitic affections and malig- 
nant disease of the mouth a number of cases which belong to the 
long list of affections which are now classified under the head of 
surgical tuberculosis. The cavity of the mouth is exposed to direct 
infection with microorganisms which might be obtained in the 
air we breathe, the food we eat, and the water we drink. Remem- 
bering the frequency with which superficial abrasions and ulcera- 
tions occur in this locality, it is not strange that primary tuberculosis 
should occasionally develop here. The tubercle bacillus produces 
the same tissue-changes here as ou the surface of the skin, the pri- 
mary pathological product consisting of granulation tissue which 
undergoes molecular retrograde tissue metamorphosis followed by 
ulceration. The tubercular ulcer is covered by the products of coagu- 
lation-necrosis, and is surrounded by a zone of infiltration, which, 
however, does not present the same feeling of hardness as carcinoma. 
Schliferowitsch ("Ueber Tuberculose der Mundhohle," Deutsche 
Zeitschrift f. Qhirurgie, B. xxvi. Hefte 5. u. 6) gives au exhaustive 
risvme of the literature on the subject to date, and has collected all 
the recorded cases in which the diagnosis of tubercular disease of 
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the cavity of the mouth could be made with some degree of certainty. 
The cases number 88, and include those of primary and secondary 
tuberculosis. From a careful study of this affection he has come to 
the conclusion that it occurs seldom in the very young, and that it 
attacks most frequently persons between forty and fifty years of age. 
The appearance of the tubercular ulcer is characteristic. If on the 
tongue, it is found on the borders near the tip of the organ. It 
appears as an oblong ulcer, with raised, ragged borders of firm con- 
sistence, showing the color of fresh granulations. The floor appears 
as if covered by a pseudo-membrane ; if this covering is removed, 
the surface left easily bleeds. The surface of the ulcer is uneven, 
as if covered with papillae. The discharge of pus is slight, and, in 
many cases, miliary abscesses may be found around the ulcer. Pain 
is not as severe as in carcinoma. Lymphatic glands may become 
secondarily infected, but this is not often the case._ In the primary 
form of the disease the presence of tubercle bacilli is the safest cri- 
terion in fixing the diagnosis. 

10. Genital Organs. 

Cornet has made some experiments on tuberculosis of the genital 
organs in animals. In rubbing a pure culture of tubercle bacilli 
iu abrasions of the penis, he produced a tubercular lesion of that 
organ. In bitches tuberculosis of the vagina and uterus could be 
produced by injection of a pure culture into the vagina. The local 
lesions were followed by general tuberculosis. 

Female. — Direct tubercular infection of the genital tract in 
women has been observed, but the cases so far reported are few. 
Zweigbaum {^Centralblatt f. Bacteriologie und Parasitenkunde, B. xi. 
S. 558) describes a case of primary tuberculosis of the portio vagi- 
nalis uteri, which, at the time of examination, appeared in the shape 
of an ulcer the size of a walnut, with thick, indurated margins, and 
cheesy floor. Ifumerous tubercle bacilli were found in the secretion 
taken from the surface of the ulcer. Evidences of pulmonary 
tuberculosis were apparent at this time. After a few weeks the 
ulcer extended toward the left vaginal wall and left labia majora. 
A section of a fragment of tissue removed from these parts on 
staining showed numerous bacilli. This form of tuberculosis is 
not frequent, as the author could find only two cases of vulvo-tuber- 
culosis in literature, although genital tuberculosis is quite a frequent 
affection. In the absence of tubercular lesious of the vagina and 
uterus, it is doubtful, if infection of the Fallopian tubes can take 
place by the entrance of the bacillus through the genital tract, and 
the relatively frequent occurrence of the disease in that part of the 
genital organs is only explainable by attributing it to auto-infection 
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in the same way as we have explained the occurrence, for instance, 
of primary tuberculosis of joints and peritoneum. We can only 
safely assume that tubercular infection of the tube often, if not 
always, takes place upon the basis of preexisting pathological con- 
ditions, taking it for granted that the healthy tubes do not present 
favorable conditions for the localization of the tubencle bacilli. A 
catarrhal condition of the lining membrane of the tubes, as in other 
organs, undoubtedly acts, in many instances, as a predisposing cause 
to localization of preexisting microorganisms in the circulation. 

Barbier {G-az. MSd., 1888, ISo. 3!J) believes that a woman can be 
infected by a tuberculous man during coitus. Bacilli have been 
demonstrated in the semen, as well as in the discharge attending 
tuberculous epididymitis. The uterus may be infected by extru- 
sion from tuberculous growth in the vulva, without any inter- 
mediate trace of infection in the vagina. The writer even admits 
the possibility that tubercular infection may be transmitted by the 
finger of the attendant, by unclean instruments, or even through 
the medium of the air. 

Primary Tuberculosis of the Fallopian Tube. — Kotsehau (Archiv. 
/. Gyndkologie, B. xxxi. Heft 2) gives a full description of a case 
of primary tuberculosis of the Fallopian tube. The patient was 
forty-five years old, having a good family history, and had suffered 
for a year with pains in the abdomen, profuse metrorrhagia, and 
diverse nervous disturbances, She was treated for retroflexion ; 
and subsequently had an attack of pelvio- peritonitis. Vaginal 
examination disclosed a firm, smooth movable tumor as large as 
an apple, to the right of the uterus ; this was taken for a malig- 
nant ovarian growth, and laparotomy was done for its removal. 
On opening the abdominal cavity a quantity of turbid, purulent 
fluid escaped. The tumor, of oblong shape, was found lying appa- 
rently in a bed of pus ; on account of its intimate adhesions it could 
not be removed. The patient died from shock. The autopsy 
showed the uterus enlarged and retroverted. The right tube was 
tortuous and generally thickened ; near its distal end it was dilated 
into a swelling the size of a hen's egg, in the centre of which was 
a cavity containing cheesy material. Other smaller caseous deposits 
were found in the tubal wall in close proximity to the large swell- 
ing. The ovary on the same side was enlarged and transformed 
into a caseous mass ; the left tube and ovary showed similar changes, 
though less extensive. The microscopical examination of the patho- 
logical products confirmed the diagnosis of tuberculosis. 

Werth (Oentralblatt f. Q-yndkologie, July 20, 1889) in a recent 
paper on the subject of tuberculous disease of the Fallopian tubes, 
recognizes au acute and chronic form ; in the former both the mus- 
cular and serous coats undergo caseous degeneration, numerous 

13 
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bacilli beiug fouud in the interior of the tube, while in the chronic 
form the wall of the tube undergoes thickening and infiltration 
with new cells, while its contents contain only a few bacilli. 
The increa.se in size of the tube is due to the collection of pus in its 
interior, as well as to the hypertrophy of the wall. When suppu- 
ration takes place in the interior of the tube the tubercular product 
has become the seat of a secondary infection with pus-microbes, 
hence the indications for operative treatment have become more 
urgent. 

An interesting case of primary tuberculosis of the uterus and 
Fallopian tubes is reported by Lebedeff. The patient was the 
widow of a man who had died of pulmonary tuberculosis. _ An 
examination before the operation revealed a firm, nodulated, intra- 
abdominal tumor in the space of Douglas. An attempt was made 
to remove the tumor by laparotomy, but had to be abandoned as 
the disease had become too widely disseminated. Six weeks later 
the patient died with symptoms of general tuberculosis. _ At the 
post-mortem miliary tuberculosis was found in the peritoneum, 
lungs, colon, uterus, and Fallopian tubes. The most advanced 
stages of the disease were found in the uterus and Fallopian tubes, 
showing that the disease had commenced in these organs. Both 
the Fallopian tubes were dilated and filled with pus, the epithelium 
in parts being absent. Stained sections from the uterus and tubes 
showed the presence of numerous bacilli. 

Jouin {Bulletin Paris Obstet. and Qyn. Soo., March, 1889) 
believes that tuberculous endometritis from local infection is quite 
a common affection. Of nine cases which were observed by him, 
it was due to sexual contact with men suffering from genital tuber- 
culosis. In two others the husbands were tuberculous, but had no 
genital tuberculosis. He calls attention to the fact that Cornil and 
Chantemesse have produced it in rabbits by injecting bacilli into 
the vagina. 

Mamma. — A number of well -authenticated cases of primary 
tuberculosis of the mamma have recently been reported. So far 
as the infection is concerned, the breast must be considered as an 
appendage of the skin. The bacillus of tuberculosis, from without, 
may effect entrance into the gland through the milk-ducts, in 
which case the inflammatory process commences in the parenchyma 
of the gland, or it may enter through a fissure of the nipple, in 
which case the process is primarily interstitial. Where direct 
infection from without can be excluded, the disease is the result of 
auto-infection, and, on this account, the prognosis is always more 
unfavorable. The regional dissemination takes place along the 
chain of the axillarj- lymphatic glands. Orthmann ("Ueber 
Tuberculose der weiblichen Brustdriise," etc., Virchow's Arehiv, 



TUBEECULOSIS OF THE GENITAL ORGANS. 195 

B. c. Heft 3) examined the enlarged lymphatic glands in a case of 
tuberculosis of the mamma, and found numerous tubercle bacilli. 

Male. — In the male primary tuberculosis is most frequently 
observed in the epididymis, for the reason that the vessels in this 
structure are more tortuous and smaller than in the remaining 
portion of the testicle, or the vas deferens. Saltzman states (Oen- 
tralhlatt fur Min. Medicin, 1888, No. 11) that these anatomical 
conditions are important factors in the arrest and localization of 
floating bacilli. That in cases of tuberculosis of the testicle we are 
only dealing with an external manifestation of an antecedent infec- 
tion, becomes apparent by the clinical observation that not infre- 
quently both testicles are infected, either simultaneously or some 
time apart, showing that the infection came from the same source. 
In other cases the primary localization takes place in the vesiculse 
seminales, or in the structure of the prostate gland. Tuberculosis 
of the genital organs in the male furnishes one of the best exam- 
ples of the typical course of local tuberculosis of the testicle. A 
small, hard nodule is first detected in the epididymis, and from 
this starting-point the whole structure of the epididymis is infected, 
when the infection slowly, but surely, extends along the vas 
deferens to the vesiculse seminales, the prostate gland, and bladder, 
and from this viscus along the ureters to the pelvis of the kidney. 
As a rule, the disease remains limited to the genito-urinary organs, 
but, in some instances, metastatic infection takes place, either from 
the genito-urinary organs, or from the primary source of infection. 
A gentleman is now under my treatment who illustrates a number 
of interesting points descriptive of the clinical behavior of genital 
tuberculosis. He is thirty-five years of age, married for ten years ; 
the marriage has been childless. He claims that he has never had 
syphilis or gonorrhoea. Tuberculosis is hereditary in the family. 
Nine years ago he noticed a small, hard swelling in the epididymis 
of both testicles. Two years ago symptoms of cystitis appeared 
which were not much improved by internal medication, and irriga- 
tion of the bladder. Six months ago his left knee became swollen 
and painful. Two months ago he commenced to suffer from severe 
pain in the region of the left kidney. Temperature at this time 
varied from 100° to 103° F. A swelling soon formed in the left 
lumbar region, and four weeks ago I made an incision in the 
lumbar region along the outer border of the erector spinse muscles 
down to the kidney and evacuated a large quantity of pus. 
Through this incision the kidney could be distinctly felt, and by 
passing the finger around it, it appeared to be separated from the 
structures surrounding it. The left knee presents all the appear- 
ances of advanced tuberculosis. Pulmonary tuberculosis is not 
present. The disease in both testicles remains latent, the testicles 
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proper are intact, the epididymis moderately swollen and indurated, 
the vas deferens on each side somewhat firmer than normal. Ihe 
disease has extended from the epididymis to the pelvis ot the kid- 
neys, all of the intervening organs being involved in the tubercular 
process. The only apparent manifestation of general tuberculosis 
is presented by the left knee. An interesting feature in this case 
is the formation of a paranephric abscess around a pyelo-nephritic 
kidney, which must be referred to a secondary infection with 

pus-microbes. ^^ ' , , -, 

Tuberaulosis of Urethra and Glans Perns.— Kraske has observed 
a case of tuberculous ulceration of the urethra extending frona the 
membranous portion to the neck of the bladder, in a patient thirty- 
three years of age. The patient was treated for chancre. The 
autopsy revealed advanced tuberculosis of the genito-urinary tract, 
and pulmonary tuberculosis. In another case, a man, forty-nine 
years old, a tuberculous ulceration existed on the dorsum of the 
glans, the size of a cent piece. This sore was also mistaken for 
primary lesion of syphilis. There were no signs of pulmonary 
tuberculosis. The glans was amputated, when it was observed 
that the tuberculous infiltration extended deeply into the cavernous 
structure. The lesion could not be traced to genital contact, and 
under the microscope showed the typical structure of tuberculous 
tissue. 

Vesiculce Seminales. — In 1829 Dalmar described a chronic inflam- 
mation of the seminal vesicles, the description of which corresponds 
closely to that of tuberculosis. Since then this affection has been 
described by Albers, Jaye, Naumann, Humphrey, and Kocher, and 
lately it has been studied by Rayer, Cruveilhier, and Reclus, as 
secondary to tuberculosis of the lungs. As a secondary affection, 
this trouble is not only seen in connection with tuberculosis of the 
lungs, but is more common after primary tuberculosis of the epi- 
didymis, either as a continuation of the cheesy degeneration in the 
vas deferens, or spreading by contiguity of tissue from the prostate. 
Primary tuberculosis of these organs is extremely rare, and still 
less often diagnosed, and up to the present time no surgical inter- 
ference has been attempted. 

Ullman {CentraUblatt f. Chirurgie, No. 8, 1890) reports a case of 
primary tuberculosis of the right testicle with secondary affection of 
the seminal vesicles on both sides, in a lad seventeen years of age, 
where, after removal of the right testicle he extirpated these organs 
through a semilunar incision in the perineum. The general health 
of the patient improved, but a small urinary fistula remained, as 
during the operation the bladder had been opened. He is of the 
opinion that the seminal vesicles should be removed in primary 
tuberculosis of the testicle or epididymis, when no suspicious symp- 
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toms have appeared on the sound side, and when on the affected 
side the vesienlse seminales are already attacked, also in cases of 
primary tuberculosis of the seminal vesicles. The impotence fol- 
lowing the operation should be no contra-indication, for in all 
reported cases of tuberculosis of the seminal vesicles, impotence 
always occurs in a short time, in fact it is regarded as a cardinal 
symptom of the disease. 

Strumpell (" Beitrage zur Diagnostik u. Aetiologie der Tuber- 
kulose des mannlichen Urogenital-apparates," Munch, med. 
Wochenschrift, B. xxxiv. No. 31, 1887), after a careful study of 
four cases of primary tuberculosis of the genito-uriuary organs in 
men, came to the conclusion that infection takes place through 
the urethra. The tubercle bacilli, finding no place for localization 
and growth in the urethra and bladder, finally reach the prostate 
gland, or the epididymis, the whole process resembling inhalation- 
tuberculosis, in which the disease manifests itself not in the mucous 
membrane of the bronchial tubes, but in the apices of the lungs. 

11. Tubercular Abscess. 

The specific effect of the bacillus of tuberculosis on the tissues 
is to produce a chronic inflammation which invariably results in 
the production of granulation tissue. The granulation tissue must 
be considered in the light of a protective wall to the surrounding 
healthy tissue. The degenerative changes which take place in the 
granulation tissue are caused by local ansemia and the chemical ac- 
tion of the ptomaines of the tubercle bacilli, and consist in caseation 
and liquefaction of the cheesy material into a fluid which has always 
been regarded as pus until recent investigations have shown that it 
is simply the product of retrograde tissue-metamorphosis. I believe 
that it can now be considered as a settled fact that the bacillus of 
tuberculosis produces no suppuration, that its presence indicates only 
a specific form of inflammation, which terminates invariably in the 
formation of granulation tissue, and that when suppuration occurs 
secondary infection with pus-microbes has taken place. A tuber- 
cular abscess, without the presence of pus-microbes, does not con- 
tain pus, but the products of degenerative changes in the fungous 
granulations. If the bacillus meets with sufficient resistance on the 
part of the surrounding tissues, it finally exhausts the nutritive 
material in the granulations and dies, or remains in a latent con- 
dition, the granulation material is converted into cicatricial tissue, 
and the local lesion is cured. These are the cases which terminate 
most frequently in spontaneous cure. If liquefaction of the infected 
tissues takes place and the products of degeneration are absorbed, 
a similar favorable termination is possible. If the same product 
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is evacuated by incisioQ nnder antiseptic precautions, a spontaneous 
cure is accelerated. If, on the other hand, a secondary infection 
with pus-microbes takes place, the patient incurs the danger of 
septic infection and local and general dissemination of the tuber- 
cular process. 

That the bacilli do not grow in a tubercular abscess has been 
definitely settled by Schlegtendal ("Ueber das Vorkommen der 
Tuberkel-bacillen im Eiter," Fortschritte der Medizin, Bd. i. S. 
537). He examined five hundred and twenty specimens of pus 
from tubercular abscesses and found bacilli present in only 75 per 
cent. Garrfe (" Aetiologie der kalten Abscesse; Driiseneiterung ; 
Weichtheil- und Knochen-abscesse und der Tuberculosen Gelen- 
keiterungen." Deutsche med. Wochensehrift, 1886, No. 34) has 
also made an extended series of observations to ascertain the pres- 
ence of the tubercle bacillus in cold abscesses. According to this 
author, many tubercular ulcerations and abscesses are the result of 
a mixed infection, as has been claimed by Hoffa for some cases of 
empysema in cases of pulmonary or pleural tuberculosis. In cold 
abscesses, and in the pus of tubercular cavities in bone, no pus- 
microbes could be found, not even in cases that pursued a rapid 
course. Cultivations of such pus remained sterile, while inocula- 
tions produced typical tuberculosis. In such instances the pus 
examined under the microscope showed none of the morphological 
elements of pus, but was seen to consist of an emulsion composed 
of detritus of broken-down tissue suspended in serum. He affirmed 
that it is possible that in many cases of suppuration following in 
the course of a tubercular process pus is the result of a mixed 
infection, and that the. pus-microbes had disappeared before the 
examination was made. The walls of the tubercular cavity contain 
the typical structure of the tubercular lesion, and the primary and 
essential cause of the inflammation — the bacillus of tuberculosis. 
The infection follows the migration of the abscess in whatever 
direction that may take place. If an additional infection from 
without takes place, following either a spontaneous discharge or 
after incision, the superficial granulations are destroyed by the sup- 
purative process which is initiated, exposing the patient to the 
additional risks of septic infection and a more rapid local and 
general dissemination of the tubercular process. 



CHAPTER XVI LI. 

ANTHRAX. 

Synonyms : Contagious Carbuncle ; Charbon ; Milzbrand ; 
Malignant Pustule. 

History. — As a disease among animals anthrax has been 
known since the earliest records of history. The contagiousness 
of this disease has been recognized since the beginning of the 
eighteenth century. During the first part of this century it was 
described as a blood disease (Maladie du sang. Blutseuche der 
Schafe). Heusinger, in his classical work {Die Mikbrandkranh- 
heiten der Thiere und des Mensohen, Erlangen, 1850), declared 
anthrax to be a malarial neurosis. In the year 1855 Pollender 
(" Mikroskop. und Mikrochem. Untersuchungen des Milzbrand- 
blutes, etc.," Casper's Vierteljahrsschrifi f. ger. u. off. Medizin, Bd. 
viii. S. 103) published his discoveries, which inaugurated a new era 
in the study of anthrax. As early as 1849 he had discovered in 
the blood of cattle suffering from anthrax a mass of innumerable 
fine rod-like bodies, which appeared to be of a vegetable nature 
and resembled vibriones. Brauell ("Versuche und Untersuch- 
ungen betreffend den Milzbrand des Menschen und der Thiere," 
Virchow's Arohiv, No. xi., 1857) found the same organisms in the 
blood of men, horses, and sheep which had died of anthrax. 
He also found the same bodies during life in the blood of the 

Delafond (Recueil de mSd. vet, 1860, p. 726) considered this 
parasite as a kind of leptothrix. 

In 1863 appeared the work of Davaiue (Compt. rend, de I'Aead. 
des Sciences, t. Iviii. p. 22) wherein he pronounced these rod-like 
bodies to be bacteria, and later he called them bacteridia. He 
believed them to be the cause of anthrax, as the disease could not 
be propagated with blood which did not contain them. 

Through the labors of Naegeli and Bollinger {Zur Pathologie 
des Milzbrandes. Miinchen, 1872) and others the microorganism 
of anthrax finally found a permanent place as the bacillus anthracis 
among the schizomycetes. 

The first positive accounts of the disease in man we owe to 
Fournier, Montfils, Thomassin, and Chabert, who published their 
description between the years 1769 and 1780. Fournier first dis- 
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tinguished the spontaneous and the communicated carbuncle of 
man. The primary existence of anthrax in man was asserted by 
Bayle in 1800 and by Davy la Chevrie in 1807. 

Description of the Bacillus or Anthrax. — Eods 5-10 
micromilli metres long, and 1-1.25 micromillimetres broad, and 
threads made up of rods and cocci. The rods, as a rule, are straight, 
only when they grow to a considerable length and meeting with re- 
sistance they become curved. The rods and threads are round, and 
with their ends truncated at right angles appear as though they 
had been cut off obliquely. The interior, as long as fission does 
not proceed, is perfectly homogeneous and absorbs aniline dyes 
very readily. The development of spores in long undivided 
threads, as we find them in fluid culture media, takes place at 
regular intervals, where we find them as bright oval spots which 
become more and more apparent, marking the direction of the rods. 
Upon solid culture media the development of spores is preceded 
by transverse segmentation of the rods. The cell-membrane of 
each section finally becomes the membrane of the spore, each pole 
of the spore presenting a small mass of protoplasm which can be 
stained. 

Staining. — Cover-glass preparations of fluid specimens can be 
stained with a watery solution of any of the aniline dyes. They 
can be rapidly stained with a drop of fuchsin or gentian-violet, but 
more satisfactorily by floating the cover-glass for twenty-four hours. 
The preparations are dried and mounted in Canada balsam. The 
spores are not stained by the ordinary methods. Tissue sections 
are best stained by Gram's method, and after-stained with eosiu, 
picrocarminate of ammonium. By double staining the rods are 
seen to consist of a hyaline sheath with protoplasmic contents. 

Cultivation. — a. G-elatin. If a nutrient medium of 5 to 8 
per cent, of gelatin is inoculated, a whitish line develops in the 
track of the needle puncture, and from it fine filaments spread out 
on the sides. In a more solid nutrient gelatin, the growth appears 
only as a thick, white thread. The culture liquefies the gelatin, 
and the growth subsides as a white flocculent mass. 

b. Agar-agar. Cultures upon a sloping surface of nutrient 
agar-agar form a viscous snow-white plaque. Without access of 
air the culture does not grow, the bacilli being aerobic. 

c. Potato. Inoculation of sterilized potato yields a very char- 
acteristic growth. The deep chamber, containing the potato, is 
placed in the incubator, and in about thirty-six or forty-eight hours 
a creamy, very faintly yellowish layer forms over the inoculated 
surface, with usually a peculiar translucent edge. On removing 
the cover of the damp chamber a strong, penetrating odor of sour 
milk is emitted. 
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Two cultures of anthrax bacilli prepared from the same material 
at the same time. 
a. With a pressure of 4 cm. of mercury. 
6. With atmospheric pressure. 
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Inoculation Experiments. — la order to cause death of ani- 
mals by inoculation of the bacillus of anthrax, the pure culture, or 
anthracic blood, must be injected into the subcutaneous tissue, into 
the circulation, or the virus may be transmitted by inhalation or 
by feeding. Goats, hedgehogs, sparrows, cows, horses, guinea-pigs, 
and sheep, can be readily infected. Rats are less susceptible. Pigs, 
dogs, cats, white rats, and Algerian sheep are immune. Frogs and 
fish have been rendered susceptible by raising the temperature of 
the water in which they lived. 

Attenuation of Virus. — By cultivating the bacillus in neu- 
tralized bouillon at 42°-43° C. (107.6°-109.4° F.) for about 
twenty days the infecting power is weakeued and animals inocu- 
lated with it are protected against the disease. A still greater 
immunity is obtained by inoculating a second time with material 
which has been less weakened. The animals are then protected 
against the most virulent form of anthrax, but only for a time. A 
temperature of 55° C. (131° F.), or treatment with 5 to 1 per cent, 
solution of carbolic acid deprives the bacilli of their virulence. 
The virulence of the bacillus is also altered by passing it through 
different species of animals. 

Woolbridge secured immunity against anthrax in animals by 
cultivating the bacillus in an alkaline solution at a temperature of 
37° C. (98.6° F.) for two days. At this time the fluid was filtered 
and a small quantity of the filtrate injected into the subcutaneous 
tissue of rabbits, which remained well, and subsequently resisted 
injection of most virulent anthracic blood. 

Hankin (" Immunity produced by an Albuminose isolated from 
Anthrax Cultures," British Med. Journal, Oct. 12, 1889), under the 
guidance of Koch at the Hygienic Institute of Berlin, isolated an 
albumose from anthrax cultures which, when injected into rabbits 
and mice in small quantities, rendered th'ese animals immune against 
the most virulent cultures. The albumose was prepared from the 
cultures by precipitation with absolute alcohol, the precipitate was 
well washed in this liquid to free it from ptomaines, since it is 
known that all such substances are soluble in alcohol. After the 
addition of alcohol it was filtered off and dried, then redissolved, 
and filtered through a Chamberland's filter. Four rabbits were 
inoculated with virulent anthrax spores and three of them received 
an injection of albuminose into the ear-vein at the same time; the 
latter recovered, while the remaining animal not thus protected 
died in about forty-eight hours of anthrax. In another experi- 
ment, ten mice were each injected with the millionth part of their 
bodv-weight of anthrax albuminose and with active vaccine at the 
same time. Of these, three died after 108 to 116 hours ; the others 
recovered. Three others had only the two-millionths of their body- 
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weights of anthrax albuminose and active culture. Two of them 
survived. Four control mice were inoculated, and all died of 
anthrax. He has come to the conclusion that when a large dose 
of albuminose is injected into an animal, the entry of anthrax 
bacilli into the system is aided, and when a small dose is adminis- 
tered immunity is acquired against its poisonous properties, protect- 
ing the animal against subsequent inoculations with active cultures. 

Intensification of Virus. — While it is known that some 
chemical substances exert an attenuating influence on the virulence 
of the anthrax bacillus, it has also been found that an attenuated virus 
will again become more virulent by adding certain substances. It 
must, therefore, be taken for granted that the chemical composition 
in which the bacillus is suspended influences in one way or the other 
its virulence. It has been found, for instance, that the addition 
of a minute quantity of lactic acid to a fluid containing the bacillus 
in an attenuated form greatly intensifies its virulence within a very 
short time. Thus, Arloing, Cornevin, and Thomas found that the 
pathogenic power of a fluid containing these bacilli, to which ^^ 
part of lactic acid had been added, and the mixture allowed to 
stand for twenty-four hours, was increased twofold ; if then a little 
water, containing a very easily fermentable sugar is added to the 
mixture, and another twenty-four hours allowed to elapse, the viru- 
lence attains its maximum, and frogs inoculated with this virus die 
in from twelve to fifteen hours, whereas, when inoculated with 
ordinary virus they live from forty to fifty hours. Kitt has 
repeated and confirmed these experiments. 

Anthrax Infection in Man, and Clinical Varieties. — 
The favorite location for the development and growth of the bacillus 
of anthrax in man and beast is in the connective tissue ; it is, there- 
fore, immaterial in what manner the microorganism reaches this 
tissue, as localization here marks the beginning of the disease. 
Buchner (" Ueber Aufuahme von Infectionserregern durch die 
intacte Lungeuoberflache," Verh. des Congress f. innere Medioin, 
1888) has studied experimentally the entrance of the bacillus of 
anthrax through the intact surface of the lung. The bacillus and 
spores were administered by inhalation in the shape of dry powder 
and suspended in steam. On examining the bronchial mucous 
membrane at different stages under the microscope it was seen that 
the spores were transformed in a very short time into bacilli, and 
that the latter, by their growth, pushed themselves between the 
cells and into the capillary vessels. It was observed that the 
greater the pulmonary irritation was, the more the passage of the 
microbes was retarded. The entrance of the bacilli from the sur- 
face of the mucous membrane into the capillary vessels was seen to 
depend on an active process. Only blood bacilli, to which belong 
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Development of anthrax spores. Culture three days old ; cultivated 
at 40°C. (104° F.) on meat-peptone-agar. Gentian-iodine. Zeiss j\. 
O. 4. Magnified 2500 diam. 

a. Threads free from spores. 

b. Threads with beginning development of spores. 

c. Threads with perfect development of spores. 



INFECTION IN MAN AND CLINICAL VARIETIES. 203 

the bacillus of anthrax and the spirilli of recurrent fever, possess 
this property. The tubercle bacillus aud the bacillus of glanders 
are no blood bacilli, but even in infective processes with these 
microbes the disease can be produced by inhalation without primary 
localization in the lungs. Entrance of these microbes into the blood 
without alteration of the vessel wall has not been proved. Anthrax 
on the external surface of the body is the result of direct inocula- 
tion. The clinical forms vary according to the location of the dis- 
ease, its extent, and the intensity of the infection. Most all authors 
follow Bollinger's classification, according to which all cases are 
brought under one of the following varieties: 1. Anthrax acutissi- 
mus, or apoplectiformis. 2. Acutus; and 3. Subacutus. The 
primary location of the disease is in accordance with the manner in 
which infection has taken place. W. Koch (" Milzbrand u. Eausch- 
brand," Deutsche Chirurgie, Lieferung 9) states that in animals and 
man the bacillus can enter the organism through one of the follow- 
ing three routes: (a) Through the skin, (b) Gastro-intestinal 
canal, (c) Respiratory passages. The microbe first multiplies at 
the primary point of invasion, and from here by entering the blood- 
vessels it is conveyed to distant parts and organs. The pathologico- 
anatomical conditions vary according to the primary seat of invasion 
and the structure of the organ the seat of the disease. The first 
tissue-changes are observed at the primary seat of localization. 
These local conditions, carbuncle and anthrax-oedema, give rise to 
symptoms proportionate to the importance of the organ involved. 
An anthrax cedema of the hand or arm is a less serious condition 
than when the same affection involves the face or neck. The local 
cedema at the point of infection is caused by vascular disturbances 
due to the presence of the bacilli within the bloodvessels and the 
interstitial inflammatory exudation caused by their presence. The 
local affection always becomes dangerous when the bacillus enters 
the bloodvessels and gives rise to general dissemination. When 
the microorganism enters the body through the gastro-intestinal 
canal with the food or drink, it gives rise to a primary anthrax of 
the intestinal canal, which again may become general by metastatic 
dissemination through the systemic circulation. 

Vierhoff ( Ueber Anthrax intestinalis beim Menschen, Dissertation, 
Dorpat, 1885) has collected 41 cases of anthrax intestinalis, the 
total number which were found reported up to 1885. The author 
observed himself two cases of secondary intestinal anthrax in the 
hospital at Liga. 

Cases of secondary intestinal anthrax — that is, localization of the 
bacillus of anthrax in the mucous membrane of the intestines after 
external infection — were known to the older authors, while obser- 
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vations of primary localization in the digestive tract date only from 
the middle of the last century. . .. , a 

Of 63 cases of anthrax in man, collected by Slessarewskji {Amer. 
Joum Med. Sciences, 1887), the disease showed itself 6 times on 
the face, 21 on the neck, and 36 in other places. Various theories 
have been advanced in explanation of the immediate cause of death 
of animals and persons infected with anthrax. In the most viru- 
lent form, the anthrax acutissimus, Bollinger believes that the rapid 
growth of the bacillus in the blood brings about a sudden diminu- 
tion of oxygen and a surplus of carbonic acid, and that death takes 
place by a slow process of asphyxia. Against this theory it can be 
maintained that in the blood of animals which have died of the 
acutest form of the disease very few bacilli can be found ; and 
further, that in the experiments made by Nencki on the blood of 
rabbits which had died of this form of anthrax it was found as 
capable of oxygenation as the blood of healthy animals. The 
theory that death results from purely mechanical causes due tothe 
presence of bacilli in great abundance in the bloodvessels is like- 
wise not tenable, because no such fatal degree of obstruction inthe 
capillary circulation has been found at the post-mortem examina- 
tions. 

As a third hypothesis, Bollinger advanced that the bacillus may 
generate a chemical poison which may cause death by intoxication. 

In reference to the last-mentioned cause, Hoffa {Die Natur des 
Milzbrandgiftes, Wiesbaden, 1886) calls attention to the following 
three possibilities: 

1. The bacilli of anthrax are in themselves poisonous, and with 
the increase in their number the quantity of the poison is increased 
in the same ratio. Against this supposition the results of the ex- . 
periments made by Hoifa, himself, furnish the most conclusive 
proof Of a pure culture of anthrax bacilli he injected a large 
quantity directly into the jugular vein of rabbits. The animals 
thus infected showed no symptoms of acute intoxication, but died 
in the same manner as animals infected in the usual manner. 

2. The bacilli of anthrax produce a poison capable of producing 
fermentation in the blood, and which is soluble in the blood. The 
fact that filtered blood of animals which had died of anthrax did 
not produce toxic symptoms when injected into healthy animals 
speaks against this argument. 

3. The bacillus of anthrax separates toxic substances from com- 
plex combinations in the organism. This last, explanation appears, 
from analogy of the views that are now entertained of bacteria and 
ptomaines, to be the most plausible, and Hoffa went at the task to 
produce such substances outside of the animal body upon artificial 
culture media. For this purpose he cultivated the bacillus with 
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the greatest precautions upon sterilized meat kept for several weeks 
in an incubator at 37° C. (98.6° F.). The chemical product he 
attenuated according to the methods advised by Stass-Otto, Brieger, 
and after the more recent methods of Fischer. By the methods of 
Stass-Otto and Fischer he succeeded in finding a substance which 
possessed an alkaline reaction, and which produced toxic effects in 
animals. A strictly pure article and an accurate chemical descrip- 
tion of it could not be obtained on account of the smallness of the 
quantity which could be produced. By Brieger's method, cultiva- 
tions upon sterilized yolk of egg diluted with sterilized water, it 
was found impossible to obtain a toxic substance. 

The substance produced by Stass-Otto's method was used in 
experimenting on frogs, mice, guinea-pigs, and rabbits, and that 
obtained by Brieger's method on guinea-pigs and rabbits, and both 
of them produced symptoms of intoxication. After a short period 
of intoxication with increased action of the heart and accelerated 
respiration the animals became somnolent, respirations deep, slow, 
and irregular, assisted by the action of all accessory muscles of 
respiration; pupils dilated ; temperature below normal; diarrhoea; 
feces bloody ; speedy death. At the necropsy the heart was found 
contracted, the blood was of a dark color, and ecchymoses of the 
pericardium and peritoneum existed ; there were no microorgan- 
isms in the blood; no such toxic substance could be produced from 
sterilized meat alone. The same author (" Zur Lehre der Sepsis," 
Verh. d. deutschen Gesellsohaft f. Chirurgie, 1889) subsequently 
succeeded in isolating a toxic substance from the bodies of anthracic 
rabbits with the formula of OjHjNj, which he called anthracin, 
and to which he attributed the toxic symptoms in cases of anthrax. 
Injected subcutaneously in rabbits it produced first restlessness, 
rapid pulse and respiration, followed by somnolence, deeper and 
slower respiration, diarrhoea, asphyctic symptoms, convulsions, and 
death. These experiments leave but little doubt that the fatal 
termination in cases of anthrax is due to the presence of ptomaines, 
which are formed in the body in consequence of the action of the 
bacilli upon certain complex combinations in the organism. 

Anti-mierobio Treatment of Anthrax. 

Lande {Mimoires de la SodSte de MSdecine de Bordeaux, 1889) 
reports two cases of malignant anthrax saved by subcutaneous injec- 
tions of carbolic acid. In the first case, a man aged twenty-seven 
years, the upper lip was the seat of the carbuncle ; in the second, a 
woman aged sixty-five years, the anthrax occupied the region below 
the scapula. Both patients were very ill, low delirium and other 
symptoms of toxemia being present. The injections were made 
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into the subcutaneous tissue around the carbuncle. The strongest 
solution used consisted of 15 grammes of neutral glycerin and an 
equal part of distilled water, in which 3 grammes of pure carbolic 
acid were dissolved. The injections were made at iive points around 
the anthrax, and represented a total dose of 50 centigrammes of the 
acid. The injections were painful, but rapid improvement followed. 
This 10 per cent, solution was stronger than any previously em- 
ployed for the same purpose by Boeckel, Eaimbert, and others. A 
6 per cent, solution in ordinary cases is strong enough, but in grave 
cases the 10 per cent, solution must be used until improvement 
takes place, which may occur within forty-eight hours. 

Kaloff, of St. Petersburg, in making experiments with anthrax 
on animals, accidentally infected himself, either by a needle punc- 
ture or by handling the organs of anthracic animals. The local 
infection appeared on the outer side of the thumb of the left hand 
as a small vesicle, which disappeared soon, but gave place to circum- 
scribed infiltration on the second day. This inflammation rapidly 
extended and was surrounded with hemorrhagic vesicles. The in- 
durated tissues were promptly removed by excision ; nevertheless, 
on the next day swelling of axillary glands on the same side, fever, 
great prostration, also diarrhcea. The skin in the axillary region 
and the side of chest was much swollen, (Edematous, and at different 
points bright red, at others bluish-red. One of the axillary glands 
the size of a hen's egg, and glands along the margins of the pector- 
alis major were moderately enlarged. All the enlarged glands were 
removed and the field of operation thoroughly disinfected with 
solution of carbolic acid, and the same solution thrown into the 
surrounding tissues with a hypodermic syringe. Cessation of fever 
and rapid healing of wound, followed by recovery. Implantations 
of fragments of excised glands in bouillon and gelatin yielded 
cultures of anthrax bacilli. Excision of infected tissue and use of 
carbolic acid strongly recommended. 
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Spleen of rabbit-anthrax. 

a. Pulp. 

b. Follicle. 

c. Vein. 



CHAPTER XIX. 

GLANDEES [AM/eus Humidua). 

Although glauders in man is a rare affection, it presents from 
a bacteriological study so many points of interest that it merits 
more than a passing notice. It is one of the infections diseases of 
which the microbic cause is now thoroughly understood. 

History. — That glanders in man occurs as an infection from 
animals has been known for a long time. Its contagiousness among 
horses was asserted by Solleysel in the seventeenth century. Eind- 
fleisch believed that he saw vibriones in the granular contents of 
glanderous abscesses. Klebs detected in cultures of pus taken from 
animals suffering from this disease small rods and granules, but 
further cultivations and inoculations in rabbits failed. The pres- 
ence of minute organisms in cases of glanders was pointed out by 
MM., Christatt and Kiener, in 1868, and their observations Avere 
corroborated by MM. Bouchard, Capitan, and Charrin, who have 
found the organisms not only in parts exposed to the air, such as 
nasal ulcerations and pulmonary abscesses, but also in parts which 
are not so exposed, such as the spleen, liver, and lymphatic glands. 

Chaveau (Comptes rendus, Ixvii., No. 14) demonstrated by his 
experiments that the virus of glanders was fixed to small solid 
particles, as he found the sediment which formed after diluting pus 
with water active. This discovery marked an advance in the 
knowledge of the physicalnature of the virus. Loffler and Schiitz 
are the discoverers of the bacillus of glanders in horses. In 1882 
they rhade a preliminary report of their researches (^Deutsche med. 
Wochensehrift, 1882, No. 52). In 1886 Loffler published his elab- 
orate monograph on this subject (" Die Aetiologie der Kotzkrank- 
heit," Arheiten aus dem Kaiserlichen Gresundheitsamte zu Berlin, 
B. i. S. 141-199). Soon after Loffler's first paper appeared, 
Bouchard, Capitan, and Charrin published almost simultaneously 
the results of their researches and observations ; but it appears from 
Loffler's second paper that none of them had been able to produce 
a pure culture. Kitt and Weichselbaum were the first who, by 
their own labor, were able to corroborate the correctness of Loffler's 
discovery; the former by his observations and experiments on 
animals, the latter by a case of glanders in the human subject that 
came under his observation. 
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Description of the Bacillits Mallei. — Accordiag to Ijoffler, 
the bacillus of glanders appears as a small rod which is somewhat 
shorter and thicker than the tubercle bacillus ; its length varies but 
little, and corresponds to about two-thirds of the diameter of a red 
blood-corpuscle; the thickness varies between one-fifth and one- 
eighth of its length (Fig. 7.) These bacilli are either straight or 
somewhat curved and rounded at their ends. Usually they are 
found in pairs in a parallel direction held together by a delicate 
unstained substance. Examined in a drop of fluid they showed 
active molecular movements. Spontaneous movements could not 
be observed by Loffler. The colorless and sometimes even some- 
what dilated portions of the stained bacillus are not spores, but, as 



Fig. 1. 
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Bacilli of glanders, a. Section from glaudrous nodule, TOO : 1. 6. Bacilli of glanders , 
stained with methyl-blue. (Flugge.) 

Loffler affirms, are indications of commencing death of the microbe. 
Loffler found that dry bacilli occasionally could be made to grow 
after three mouths, but in most instances, after a few weeks, they 
could no longer be cultivated, which fact speaks against the exist- 
ence of spores. Lundgren saw the bacilli in an agar-agar culture 
multiply by segmentation. 

Staining. — The manner of staining of the bacilli of glanders is 
characteristic, as when they are treated by basic and acid aniline 
dyes no effect is produced. 

Method of SohUtz : The sections are placed for twenty-four hours 
in the following mixture : Potash solution ( 1 in 10,000), concen- 
trated alcohol, methylene-blue solution, equal parts. Wash the 
sections in a watch-glass with water acidulated with four drops of 
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acetic acid. Transfer for five minutes to fifty per cent, alcohol, 
clarify in clove-oil, and mount in Canada balsam. 

Loffler's method: Sections are immersed for a few minutes in a 
solution of potash 1 to 10,000, then for a few minutes in an alka- 
line solution of methyl-blue, after Avhich they are decolorized with 
a solution of tropseolin in acetic acid, or, what is still better, in a 
fluid composed of ten cubic centimetres of distilled water, two drops 
of sulphuric acid, and one drop of a five per cent, solution of oxalic 
acid. 

CuLTrvATiON. — When cultivated on solid sterilized blood serum 
at a temperature of 38° C. (100.4° F.), the growth appears in the 
form of minute transparent drops, consisting entirely of the charac- 
teristic bacilli. 

Potato cultures, according to Loffler, form in three days a uniform 
amber-yellow layer which, about the sixth to the eighth day, assumes 
a reddish hue, resembling the color of oxide of copper, which is not 
easily mistaken for any other culture upon the same soil. Upon 
this soil the bacilli were cultivated through twelve generations, and 
the cultures retained their activity for a year; whether the bacillus 
was capable of cultivation after this time is not mentioned. The 
temperature at which cultures could be made to grow varied from 
30° to 40° C. (86° to 104° F.). 

Kranzfeld succeeded best with a nutrient medium composed of 
meat-peptone, glycerin, agar-agar. The bacillus is destroyed by 
exposure for ten minutes to a temperature of 65° C. (131° F.). A 
three per cent, solution of carbolic acid, a one per cent, solution of 
permanganate of potash, or a 1 : 5000 solution of corrosive subli- 
mate destroys the bacilli with certainty. Lundgren succeeded in 
obtaining an active culture in bouillon. 

iNOCtrLATioN Experiments. — Kitt ("Der Eauschbrand, Zu- 
sammenfassende Skizze iiber den gegenwartigen Stand der Literatur 
und Pathologic," Centralblatt fur JBaderiologie und Parasitenkunde, 
Bd. i. S. 722, 1887) mentions the following animals susceptible of 
inoculation with the virus of glanders : catttle, sheep, goats, guinea- 
pigs. The horse, ass, and white rat are only susceptible to local 
infection, the animals recovering completely and permanently after 
a few days. Pigs, dogs, cats, rabbits, the common rat, ducks, and 
chickens possess great immunity ; the inoculations at best produce 
only a slight local reaction. LofSer made his first experiments on 
guinea-pigs and the field mouse. In the guinea-pigs he observed,, 
three to five days after the subcutaneous injection of a pure culture, 
an ulcer at the point of inoculation, and at the end of the first week 
swelling of the nearest lymphatic glands in a state of purulent soft- 
ening. At this stage of the disease the process often came to a 
standstill and the animals recovered. In many animals the disease 
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progressed quite rapidly to a fatal termination. Abscesses were 
frequently found in the testicle and the epididymis in the male, and 
in the breast and external genital organs of the female. The face, 
nasal cavity, and ankle-joint were also frequently the seat of ulcer- 
ative processes. If the disease proved fatal, death usually occurred 
three or four weeks after the inoculation. At the post-mortem, 
aside from the affections which have been enumerated, nodules were 
found in the spleen, lungs, and often also in the liver. Field mice 
proved a great deal more susceptible to the virus of glanders than 
guinea-pigs, as they usually died three or four days after inocula- 
tion. The post-mortem in these animals showed at the point of 
inoculation an infiltration from which swollen lymphatic vessels 
led to the nearest lymphatic glands. In the spleen and liver, 
which were always greatly enlarged, numerous small nodules were 
found, while the remaining internal organs presented a normal 
appearance. Glanders in guinea-pigs and field mice presents a 
series of pathological changes which cannot be mistaken for any 
other affection. The bacilli of glanders in the different organs can 
be detected most readily in recent specimens. In the blood bacilli 
were found only in very acute cases, a circumstance which explains 
why so many inoculations with the blood of glanderous horses 
proved unsuccessful. 

Lundgren (" Forsok till remodling af rots-mikroben," Hygiea, 
Bd. xlix., Heft 2, S. 91) took a nodule from the lungs of a horse 
which had died of glanders and implanted fragments of it under 
the skin of rabbits. The animals died about the nineteenth day 
after the inoculation, and the necropsy revealed induration and 
small abscesses at the point of infection, and small yellow nodules 
in the spleen, liver, lungs, testicles, and mucous membrane of the 
nose. These tissues stained with methyl-blue showed the bacilli of 
glanders. Implantations of spleen tissue into other rabbits fixed 
the period of incubation in this animal at from eleven to twelve days. 
At_ a recent meeting of the Academy of Medicine, M. Cornil 
{British Medical Journal, June 7, 1890) gave an account of M. 
Babes's researches on the bacillus of glanders, which show that this 
microorganism, when obtained from pure cultivations, can penetrate 
the healthy tissue of animals, and thus cause glanders. Rubbing 
in an ointment containing the bacillus rarely succeeds, and only 
when the virus is very active, and obtained from a perfectly fresh 
.cultivation. M. Nocard has repeated these experiments, and two 
guinea-pigs out of five were infected by this method of inoculation. 
Kranzfeld (Zur Kenntniss des Rotz-bacillus," Centralblatt fur 
Baktenologie und Parasitenkunde, Bd. xi., No. 10) has recently 
published the results which he obtained by inoculations with the 
virus of glanders in an animal which had not hitherto been sul)- 
jected to experimentation of this kind. He procured a pure cul- 
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ture from a nodule of a man who liad died of glanders after a 
brief illness. Inoculations were made in a small rodent which is 
very numerous in the southern part of Eussia, the spermophilus 
guttatus. The course of the disease in this animal was almost the 
same as in the field mice which were used by Loffler. Of twenty- 
eight animals infected with different cultures, sixteen died on the 
fourth day, nine on the fifth, two on the seventh, and one on the 
tenth. The post-mortem appearances were always characteristic ; 
a greenish-gray infiltration at the point of inoculation, and a num- 
ber of nodules in the spleen ; in one animal also very small white 
nodules in the liver. Cultivations from these nodules yielded a 
pure growth of the bacillus of glanders. 

If an animal is infected by the direct injection of a. pure culture 
into a vein, no serious symptoms are produced, but if soon there- 
after one or more muscles are injured subcutaneously, the microbes 
escape through the lacerated vessels and localize at the seat of injury 
and produce a grave form of the disease. It has been found by 
experiment that the further from the trunk prophylactic inocula- 
tions are made the less intense is the local reaction. When an ani- 
mal is inoculated at a distance from the trunk and shows no gene- 
ral symptoms, a subcutaneous injury of any portion of the trunk 
will furnish conditions for a local form of infection. 

Glandees in Man. — The virus of glanders caii only find 
entrance into the organism through a wounded surface. Whether 
infection may not also take place through the alimentary canal has 
so far not been definitely ascertained. It is certain that the disease 
cannot be contracted by eating boiled or fried meat of animals 
affected with glanders. Infection through the respiratory organs 
is possible, as cases have been reported in which the lungs were the 
primary and only seat of the disease. The disease can also be 
transmitted from the mother to the foetus in utero. 

When man is the subject of glanders, bacilli are found more con- 
stantly in the blood than in animals. In the case described by 
Weichselbaum numerous bacilli could be seen in the blood. In 
this case a thrombus was found in one of the large meningeal veins 
which contained numerous bacilli, and which undoubtedly was one 
of the sources of the bacilli in the circulation. In man the nasal 
mucous membrane is not as frequently aifected as in animals, 
although Bollinger has shown that in horses the nasal cavity is not 
always affected, and that it may present a normal condition even 
when the larynx and lungs are seriously affected. Muscular 
abscesses which may simulate rheumatism, are a frequent occur- 
rence, especially in the chronic form of the disease. 

A Eussian medical paper of recent dsite (British Medical Journal, 
June 11, 1888) states that a young soldier, who had been a wag- 



212 GLANDERS. 

goner before his admission into tlie army, was received into the 
military hospital suffering from two foul ulcers on the hard palate, 
which had perforated the nasal fossa and destroyed the inferior 
turbinated bones. Three weeks later a swelling appeared over the 
eyebrow ; a fortnight afterward he complained of pain on the inner 
side of the left knee around the internal tuberosity of the tibia. 
Then purulent discharge occurred from the left ear, and an abscess 
on the back of the right hand, which appeared as a deep purple 
tubercle, with a hard circumference, and sunken toward the centre ; 
purulent discharge oozed from the surface. At first, for a short 
time after admission, the temperature varied, rising of an evening 
to 103° to 104° ; later on, it fell to normal. The disease was 
mistaken for syphilis, and iodide of potassium was given without 
the least benefit. About ten weeks after admission he was in better 
health and left the hospital, receiving his discharge from the army. 
Within a few weeks he returned with extension of ulceration of 
the hard palate; the uvula was destroyed. The characteristic 
tubercles, the " farcy buds," appeared in the face, the metastatic 
abscess on the back of the hand remained. The patient ultimately 
died of exhaustion. Before death some of the tubercles were 
extirpated ; they were found to contain microorganisms resembling 
the glanders bacillus of Loffler and Schiitz. 

Swelling of the testicles has also been frequently observed. In 
other cases acute or chronic pulmonary affections which simulate 
pneumonia or tuberculosis are the most important clinical features. 
If the disease attacks the nasal cavity, the mucous membrane pre- 
sents hard nodules, and a copious discharge from the nose is present. 

Kiittner reports a number of cases in which the skin was the 
seat of numerous points of suppuration in the form of pustules or 
more diffuse purulent processes. The pus found in glanders ia 
grayish-red, and quite tenacious in recent lesions, but when suppu- 
ration continues it assumes the characters of ordinary pus. An 
acute and a chronic form of glanders have been described, a classi- 
fication which is accepted by Bollinger. The bacillus of glanders, 
after localization in the organism, produces rapid tissue-changes 
which at first consist in the formation of granulation tissue, which, 
when it becomes saturated with the ptomaines of the bacilli, under- 
goes transformation into pus, a stage of the disease which is indi- 
cated by the formation of abscesses wherever localization has taken 
place, either by direct infection, secondary infection by regional 
diffusion through the lymphatic vessels, or by metastasis through 
the systemic circulation. The nodules in internal organs are indi- 
cations that general infection has taken place by embolism. 

In cases in which no positive diagnosis can be made from a 
clinical aspect it becomes necessary to resort to cultivation and 
inoculation experiments. 



CHAPTER XX. 

ACTINOMYCOSIS HOMINIS. 

Although the parasite which is the direct cause of this disease 
is not, properly speaking, a microorganism, as its presence in some 
cases can be detected by the naked eye, I shall include it in the 
list of surgical diseases due to the ptesence of microbes, as it often 
requires the aid of the microscope to make a positive differential 
diagnosis between this and other chronic infectious diseases charac- 
terized by the presence of granulation tissue. 

History. — The disease as occurring in cattle was first described 
by Bollinger (" Ueber eine neue Pilzkrankheit beim E,inde," 
Oerdra^latt fur die medicinischen Wissensohoften, No. 27, 1877) in 
1877, as a condition in which sarcoma-like tumors were met with, 
associated with a peculiar growth which, from its structure, was 
named Strahlenpilz (ray-fungus), or actinomyces. James Israel 
(" Neue Beobachtungen auf dem Gebiete der Mykosen des Men- 
schen," Virchow's Archiv, Bd. Ixxiv., 1878) was the first to recognize 
the disease in man, but it was not generally understood until the 
appearance of the classical work of Ponfick {Die Aktinomykose des 
Menschen, Berlin, 1882) in 1882. Numerous articles on this sub- 
ject have since appeared in the current medical literature, so that 
Partsch some two years ago brought at the end of his mono- 
graph (" Die Aktinomykose des Menschen vom klinischen Stand- 
punkte besprochen," Sammlung Minischer Vortrdge, Nos. 306 and 
307, 1888) seventy-five references with a supplemental list contain- 
ing thirty-three names furnished by Schuchardt. Since the publi- 
cation of Israel's case numerous case's have been reported by different 
observers representing Germany, England, Belgium, Switzerland, 
Eussia, Austria, and America, so that Partsch, in the work referred 
to above, estimates the whole number at not less than one hundred. 

While most of the articles in medical journals contain only a 
description of isolated cases, it appears to have been the good for- 
tune of some of the writers on this subject to meet with a number 
of cases in a comparatively short time. Thus Hochenegg (" Zur 
Kasuistic der Aktinomykose des Menschen." Wiener med Presse, 
Nos. 16 and 18, 1887) reports in his paper seven cases, andMoos- 
briigger ("Ueber die Aktinomykose des Menschen, Brims 
Beitrage zur klinischen Chirurgie, Bd. ii. Heft. 2, S. 339, Tubin- 
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geu, 1886) has increased the statistics by ten well-authenticated and 
carefully recorded cases. At the last meeting of the Versammlung 
Deutscher Naturforscher und Aerzte, Eotter stated that he observed 
thirteen cases in two years. Albert has seen not less than thirty- 
eight cases of actinomycosis within the past few years; of these 
eight have come under his observation during the last year. These 
cases have come mostly from Vienna and its vicinity. 

Desceiption op Fungus. — Bollinger described as peculiar to 
this disease certain yellowish bodies, visible to the naked eye, which 
were always found in the pus of abscesses and in the middle of the 
tumors. Microscopically they were found to consist of threads 
similar to the ordinary" mycelium, which terminated in bulbous 
ends. The threads radiate from the centre, and their clubbed 
extremities impart to the fungus the characteristic ray-like appear- 
ance (Fig. 8). Sometimes but one of these bulbs is connected with 

Fig. 8. 




Three actinomyoes from a case of pulmonary actinomyeosia. Below, three finger- 
like buds and dichomatoua branching of actinomyces threads. X 450. (Baumgakten.) 

a thread, at other times there may be several. In man the actino- 
myces occurs as small globular masses, commonly about the size of 
a millet-seed, usually of a pale yellow color, but at times white, 
brown, green, or speckled, the color being influenced by age and 
the consecutive pathological conditions by which it may be sur- 
rounded. In man the clubbed bodies are commonly absent, and 
the growth consists of the radiating filaments alone. The rays, 
when immersed in water or in a weak solution of chloride of sodium, 
become enormously swollen and lose their shape, while they effectu- 
ally resist the action of acids, ether, and chloroform. For staining 
actinomyces Weigert uses Wedl's orseille, Marchand eosin, Dunker 
and Magnussen cochineal-red, Moosbriigger hsematoxylon-alum, 
and Partsch, in section-staining, has had the best results with 
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Gram's method. Recently Babes has made beautiful dry prepara- 
tions by using a two per ceut. solution of safrauin in aniline oil, 
followed by treatment with iodide of potassium. O. Israel "Ueber 
Doppelfarbung mit Orcein," Virchow's Archiv, Bd. 105, S. 169) 
has found that a solution of orcein in acetic acid stains the rays a 
Bordeaux-red, while the filaments, if decolorization is not carried 
too far, present a blue tinge. Baranski {Deutsche med. Wochen- 
schrift, 1887) uses picrocarmine for staining fresh preparations of 
actiuom'yces bovis. A small amount of the contents of a yellow 
nodule, or pus from the part, is spread in a thin layer on a cover- 
glass, and dried in the air. The cover is then passed three times 
through the flame of an alcohol lamp, care being taken not to over- 
heat the preparation. It is then floated in the picrocarmine solu- 
tion, or a few drops of the staining fluid are placed on the cover. 
The staining is finished in two or three minutes. The cover is 
then carefully washed by agitating it in distilled water and alcohol, 
and examined in water and glycerin. The fungus takes a yellow 
color, while the remaining structure appears red. As regards the 
history of the parasite outside the body, as yet ouly a few facts are 
known. It is found in pig's meat and is peculiarly susceptible to 
outside influences. It cannot be cultivated in pure water or one- 
half per cent, solution of salt, such as is usually employed for 
similar forms, as in these elements the fungi swell up and assume 
fantastic shapes. Virchow found them as small calcareous con- 
cretions in the muscle fibres of the pig, and considered their flesh 
highly dangerous food, unless well cooked. 

Cultivation Experiments. — It has been found extremely 
difficult to cultivate the actiuomyces, probably on account of the 
usual culture media uot being well adapted for its growth. The 
first successful experiments were made by Bostrom (Jahresbericht 
uber pathologische Anatomie, Baumgarten, ] 886), of Giessen, upon 
plates of blood serum and agar-agar, the fungus attaining its ma- 
turity in five or six days, when it presented the typical appearances 
of actiuomyces as found in man. 0. Israel ("Ueber die Cultivir- 
barkheit des Actinomyces," Virchow's Archiv, B. 95, Heft 1) cul- 
tivated the fungus successfully upon coagulated blood serum. The 
culture grows very slowly, and the fungus often undergoes calcifica- 
tion. He made the observation that water, glycerin, blood serum, 
and weak saline solutions seriously impair the vitality of the fungus, 
and believes that the effect of these agents on the actiuomyces 
explains the failure of previous culture and inoculation experiments. 
Until recently, coagulated blood serum is the only medium upon 
which the fungus has been successfully cultivated. If evaporation 
is prevented, a thin velvety layer forms on the surface of the blood 
serum in about eight weeks, in the vicinity of which, not before the 
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expiration of fourteen days, the growth appears more in a down- 
ward direction than on the sides of the inoculation puncture. From 
the tenth to the fourteenth day numerous spores are produced, and 
a thick wall of club-shaped mycelia in typical centrifugal arrange- 
ment. 

At a meeting of the Medical Society of Berlin, March 5, 1890 
{Berliner Minisehe Wochensohrifi, March 31, 1890), M. Wolf made 
a communication in which he described culture experiments which 
he and Israel made with actinomyces. He announced that they 
had succeeded in cultivating the actinomyces in and upon egg and 
agar-agar. The inoculations were made from a case of retro-max- 
illary actinomycosis immediately after the abscess was incised. 
With the yellow granules, deep and superficial, inoculations were 
made in agar-agar. It was found that the actinomyces is not an 
anaerobic fungus, as it grew upon the surface as well as in the depth 
of the culture soil. The agar culture appeared first as transparent 
little drops which, by confluence, made an opaque white mass. 
Under the microscope the culture was seen to be composed of short 
thick rods, with an admixture of other elements. The egg cultures, 
on the other hand, were made up of the short thick rods, besides a 
mass of threads, some of them twisted in the shape of a corkscrew, 
presenting an intricate network of threads. Three rabbits were 
inoculated by implantation of the pure culture into the peritoneal 
cavity. The post-mortem showed numerous nodules upon the pa- 
rietal peritoneum, the omentum, and between the intestines, the size 
of a pin's head to that of a hazelnut, surrounded by a fibrous cap- 
sule. The interior of these nodules was composed of a yellow mass 
the consistence of tallow. In these nodules typical actinomyces 
were found imbedded in masses of round cells in a state of fatty 
degeneration. 

Inoculation Experiments. — James Israel (" Erfolgreiche 
Uebertragung der Aktinomykose des Menschen auf das Kanin- 
chen," Qentralhlatt fur die med. Wissensohqften, 1883, Ifo. 27) was 
successful in inoculating a rabbit from man by introducing a mass 
of granulation tissue into the peritoneal cavity, and Ponfick pro- 
duced the disease in calves by implantation of a portion of the 
granulation mass into the subcutaneous tissue, the abdominal cavity, 
or into veins. Rotter {Centralblatt f. Bakteriohgie und Parasiten- 
kunde, B. Hi. No. 14, 1888) experimented on calves, pigs, dogs, 
guinea-pigs, and rabbits, and in only one instance, a rabbit, did he 
succeed in reproducing the disease. In this instance a piece of 
granulation tissue, the size of a bean, was inserted into the peri- 
toneal cavity, and the animal, having manifested no symptoms of 
disease, was killed six months after the inoculation. On opening 
the abdominal cavity about twenty nodules, varying in size from 
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the head of a piu to a hazeluut were found distributed over a con- 
siderable surface, each of them showing the typical histological 
structure of actinomycosis. The transplanted piece of tissue was 
found perfectly encapsulated in one of the nodules the size of a bean. 
As the fungus was found in all the nodules it is only reasonable to 
couclude that the disease spread from the original depot by migra- 
tion of some of the new fungi, wiiich at their respective points of 
localization established independent centres of infection and tissue 
proliferation. While the actinomyces in the new nodules presented a 
perfect structure, and could be readily stained, the transplanted 
fungus in the graft had lost its structure, and could no longer be 
stained. 

Sources of Infection. — As the actinomyces found in man and 
beast resemble each other morphologically, and in their effect on 
the tissues, as well as in their reaction to chemical substances, it is 
evident that the etiology of the disease is similar in both of them. 
The fungus has never been found outside of the body. Israel is of 
the opinion that both man and animals are infected from the same 
source, such as vegetables or water. Jensen (Tidskrift f. Veterindr, 
B. xiii., 1883) traced an epidemic in Seeland to the eating of rye 
grown on land recently reclaimed from the sea ; and Johne dis- 
covered a fungus closely resembling the actinomyces in grains of 
rye stuck in the tonsils of pigs. That the ears of barley or rye are 
sometimes the carriers of the contagium is well illustrated by the 
case reported by Soltmann (" Ueber Aetiologie und Ausbreitungs- 
bezirk der Aktinomykose," Jahrbuch f. Kinderheilkunde, B. xxiv. 
p. 129). The patient was a boy, who had swallowed an ear of 
barley. The foreign body lodged in the pharynx, where it gave 
rise to difficulty in deglutition ; afterward it perforated the pharyn- 
geal wall, an accident which was attended by hemorrhage; and 
later an actinomycotic phlegmon developed, which spread rapidly, 
and finally opened below the scapula. Through this opening the 
foreign body was extracted. Piaua (Virchow u. Hirsch's Jahres- 
bericht, 1887, B. i. p. 293) examined the tongue of a cow sufferuig 
from a circumscribed actinomycosis, in which the disease couldbe 
traced to a similar origin— perforation of the tissues and infection 
by a sharp beard of the ear of barley. Actinomycosis has as yet 
only been found amongst herbivorous and omnivorous animals, 
including man, and the frequent location of the primary swelling 
in the mouth seems to indicate that the fungus gains entrance with 

food. _ , , ^1 

Effect op Actinomycrs on the Tissues.— As to the manner 
in which the fungus exerts its pathogenic action much yet remains 
to be ascertained. The most striking effect is the transformation 
of mature connective tissue into embryonal or granulation tissue. 
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The product of inflammation around each fungus consists of granu- 
lation tissue, which resembles tubercle tissue. At first the cells are 
round, at a later stage of the inflammation epithelioid and giant 
cells are formed immediately around the fungus. As the disease 
is almost always attended by suppuration at some time during its 
course, it has been customary to ascribe to the actinomyces pyogenic 
properties. Israel has always held that the actinomyces is a pus- 
producing fungus, in opposition to Ponfick and some other patholo- 
gists, who claim that when suppuration takes place it is the result 
of a secondary infection with pus-microbes. As cases of actinomy- 
cosis have been reported which remained stationary in the granula- 
tion stage for an indefinite time without suppuration taking place, 
and pus-microbes have been cultivated from the pus of actinomy- 
cotic abscesses, it appears more than probable that suppuration 
occurred independently of the presence of the fungus, and was pro- 
duced by the specific action of pus-microbes on the granulation 
tissue. Firket {Revue de MSdecine, 1884) asserts that the actino- 
myces does not appear to produce "coagulation-necrosis," but from 
a study of the earliest formed colonies he finds that the first effect 
of the fungus is to induce cellular hyperplasia. It is as if the tissue 
elements resented the intrusion of the parasite, which, however, 
mostly gains the upper hand, so that the result is the formation of 
granulation tissue, and, later, abscesses that characterize the disease. 
As a rule, it may be stated that the earlier suppuration takes place 
the more rapid the spread of the disease and the graver the prog- 
nosis, while the absence of suppuration indicates comparative be- 
nignancy, and points in the direction of a more chronic form of the 
affection ._ The localized chronic form of actinomycosis resembles 
in its clinical features and its anatomical locations more closely 
sarcoma than any other affection. In such cases it would be diffi- 
cult, if not impossible, in the absence of the specific fungus, to make 
a differential diagnosis between it and round-celled sarcoma, even 
by a most careful microscopical examination, as the histological 
structure of both is almost identical. 

Clinical History. — Usually the disease follows quite a 
chronic course and the swelling at the seat of primary localization 
resembles in its clinical history more a tumor than an inflammatory 
swelling. The extension of the morbid process takes place by dif- 
fusion of the actinomyces in loco, in preference along the loose 
connective-tissue spaces, each fungus constituting a nucleus for a 
nodule of granulation tissue. By confluence of many such nodules 
the inflammatory swelling often attains a very large size, and when 
suppuration occurs in the interior the further history is that of 
abscess. Diffusion never takes place along the course of lymphatic 
vessels and glands. Wheu these structures are affected in the 
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course of the disease, they indicate that secondary infection h„„ 
taken place. _ In some instances the disease pursues such a rapid 
course that it may be mistaken for an acute phlegmonous inflam- 
mation, osteomyelitis, or, when diffused over a large surface of the 
body, for syphilis. A good illustration of the former class is fur- 
nished by the case reported by Kapper (" Ein Tall von acuter 
Aktinomykose," Wiener med. Presse, No. .3, 1887). A soldier, 
twenty-two years of age, became suddenly ill with febrile symp- 
toms and a rapidly increasing swelling of the lower jaw. An early 
incision was made and liberated a large quantity of pus, which, on 
microscopical examination, was found to contain actinomyces. It 
is interesting to note that in this case the carious teeth, from where 
the infection had evidently taken place, contained threads of lepto- 
thrix and actinomyces. At a meeting of the Berlin Medical 
Society, 0. Israel {Berliner hlin. Woohensehrift, Jan. 23, 1888) gave 
an accurate description of the post-mortem appearances of a case of 
diffuse actinomycosis. The patient, a woman, forty-four years of 
age, had been treated for syphilis in one of the surgical clinics. 
The heart contained a number of minute abscesses in which the 
fungus could be found in large numbers. A large abscess between 
the diaphragm, stomach, and spleen contained thick pus of a 
greenish color, an unusual occurrence in cases of actinomycosis, but 
no actinomyces. The spleen was the seat of a large and of numerous 
minute abscesses, and the liver and kidneys also contained small 
abscesses, and in all of them actinomyces could be found. Israel 
claims that this case furnishes a good illustration of his views, that 
the actinomyces, as regards its effect on the tissues, occupies a posi- 
tion half-way between the bacillus of tuberculosis, which produces 
only granulation tissue, and the pus-microbes, which produce pus. 
It was impossible in this case, as in so many others in which mul- 
tiple deposits have been found, to locate the primary seat of infec- 
tion. The teeth were perfect and the whole digestive tract showed 
no evidences of disease. 

Seat of Peimaet Invasion. — If infection takes place by fully 
developed actinomyces, it can only do so by the fungus gaining 
entrance into the tissue through some loss of continuity in the 
cutaneous or mucous surface, as any other method of ingress is 
impossible on account of the large size of the fungus. In the cases 
in which no such primary infection-atrium could be found, it must 
be taken for granted tha't the local lesion had healed between the 
time infection took place and the first manifestations of the disease, 
or that infection was caused by the entrance of spores, which from 
their smaller size could find their way into the tissue through intact 
mucous surfaces. In reference to the primary localization of the 
disease, Moosbriigger gives the following statistics : In 29 cases the 
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lower jaw, mouth, and throat were affected ; in 9 the upper jaw 
and cheek ; in 1 the tongue ; in 2 the region of the oesophagus ; in 
11 the intestines ; in 14 the bronchial tract and the lungs ; in 7 the 
point of entrance could not be ascertained. Infection may take 
place through any abraded surface brought in contact with _ the 
specific cause, and for clinical purposes the cases can be divided 
into the following three groups : 1. Cutaneous surface. 2. Ali- 
mentary canal. 3. Respiratory tract. 

1. duianeous surface. Partsch {Deutsche Zeitsohrift f. Ohirurgie, 
B. 23, p. 498) describes a case ot actinomycosis in which the dis- 
ease developed in the scar left after extirpation of the breast. The 
patient was a man, aged sixty. In June, 1884, his left breast was 
removed for an ulcerating carcinoma. As the wound did not heal 
by primary union and the process of cicatrization was very slow, a 
number of small skin-grafts, from a perfectly healthy young man, 
were transplanted. The wound was practically healed in Septem- 
ber. Two months later, the cicatrix ulcerated and an abscess dis- 
charged itself Actinomyces were found in the pus. The parts 
were excised, and the progress of the disease was apparently arrested. 
No explanation could be made how the infection occurred. 

Hochenegg reported a case of actinomycosis of the skin of the 
left submaxillary region, in which he attributed the disease to an 
invasion of the fungus through a small atheroma. 

Kaposi (Wiener med. Wochenschrift, Nos. 19-22, 1887) reports 
a very chronic case of actinomycosis which primarily started in the 
skin. When first noticed, it appeared as a red spot the size of a 
florin on the left pectoral muscle, which gradually increased to the 
size of a walnut, and then gradually flattened down and disap- 
peared. Meanwhile fresh spots and lumps appeared, some as large 
as a pigeon's egg. Eleven years after the beginning of the disease 
a swelling as large as an apple appeared over the spine of the sixth 
vertebra, which gradually extended forward and a year later formed 
a large swelling behind the right axilla. A year later, this swell- 
ing had diminished in size to that of a pigeon's egg, and then again 
increased in size. Ulceration set in, exposing a fungous bleeding 
surface. At this time the entire trunk, but not the limbs, was 
covered with nodules, spots, and stripes. The swellings were 
heaped in masses. The infiltration was located in the corium. In 
this case it appears that secondary infection with pus-microbes 
only occurred at the points of ulceration. 

At the meeting of the German Society of Surgeons in 1889, 
Leser (Klinisclier Beitragzur Aktinomykose des Menschen) reported 
three cases of primary actinomycosis of the skin which had come 
under his own observation in the course of a single year. In his 
remarks on this subject he placed special stress on the manner in 
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which the disease extends. In the periphery of the primary lesion 
he found numerous nodules which later became the seat of destruc- 
tive changes, resembling in tliis respect the clinical features of tuber- 
culosis of the skin. The extensiou of the disease in the direction 
of the deep tissues takes place by the formation of passages the cir- 
cumference of which corresponds to the size of a lead-pencil ; these 
are filled with yellowish-gray or reddish-gray granulations which 
attack and destroy tissues irrespective of their anatomical structure. 
The lymphatic glands were always found intact. 

2. Alimentary canal. The frequency with which the disease 
affects the mouth and jaws of cattle is explained by the occurrence 
of numerous points of injury caused by the chewing of rough food, 
which furnish the necessary infection-atrium through which the 
fungus enters the tissues. 

a. Teeth. In man infection takes place frequently through 
carious teeth and through abrasions in the tongue and mucous 
membrane of the mouth. 

Israel {Klinische Beitrdge zur Kenntniss der Aktinomykose des 
Menschen, Berlin, 1885) found the fungus in the cavities of carious 
teeth, and Partsch found, in the same locality, almost pure cultures 
without any manifestations of disease except chronic periodontitis. 
The fungus occurs here often side by side with leptothrix. 

b. Tongue. Hochenegg saw a case of actinomycosis of the 
tongue caused by an infected carious tooth. The swelling was the 
size of a cherry located near the apex of the organ. The affection 
had existed for two months. The growth was excised, and on 
examination was found to consist of granulation tissue with a 
central yellow mass the size of a millet-seed. Beside this case 
only three cases of actinomycosis of the tongue are on record ; one 
primary, one secondary to disease of the jaw, and one metastatic. 

e. Jaws. That carious teeth furnish a frequent infection-atrium 
in maxillary actinomycosis is well known, and in many instances 
the disease in its early stages has been mistaken for an ordinary 
dental affection, and patients have often sought relief at the hands 
of a dentist. The lower jaw is most frequently affected, the 
growth being connected with the bone, or situated close to it, or it 
has already extended to the submental or submaxillary region. As 
soon as the loose tissues of the neck are reached, rapid extension 
takes place in a downward direction along the inter-muscular septa. 
Israel refers to a case in which an actinomycotic swelling in the 
submaxillary region extended, from the month of August to 
December, to the level of the thyroid cartilage. When the disease 
is primarily located in the upper jaw, which, however, occurs only 
in exceptional cases, it tends to invade rapidly the adjacent soft 
parts, and even to implicate the base of the skull and the brain. 
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The prognosis is always more serious when the disease aiiects the 
upper than the lower jaw, as the tendency here to invade the deep 
structures is much greater. 

Two cases of actinomycosis in man have come under my obser- 
vation, and as both of them originated in the mouth and represent 
from a prognostic point two distinct classes, I will describe them 
briefly. 

Case I.— This patient was a man, thirty years of age, German by 
birth, and a soda-water manufacturer by occupation. His business 
required him to make frequent trips into the country by team. He 
had no recollection of having come in contact with cattle suffering 
from "swelled head" or lumpy jaw. During the winter of 1886 he 
suffered from what he supposed was an ordinary cold : the right side 
of the lower jaw was swollen and painful. As one of the molar teeth 
showed evidences of decay and had become loose it was extracted, 
The pain and swelling, however, did not improve, and the attending 
physician extracted all of the molar teeth of the lower jaw. At this 
time a fungous mass commenced to appear over the surface of the 
edentulous bone. The cheek on the affected side was also greatly 
swollen. The patient was admitted into the Milwaukee Hospital 
about six months after the first symptoms had showed themselves. At 
this time the lower jaw, in the mouth, presented a fungous mass 
extending from the angle of the bone to the first bicuspid ; the swell- 
ing extended as far as the tonsils. The cheek was enormously swol- 
len from the angle of the mouth to the lower margin of the 
parotid gland. The skin over the swollen part presented a glossy 
appearance, and the superficial veins were considerably dilated. 
Around the margin of the swelling no distinct border-line could be felt, 
the infiltrated parts fading gradually into the healthy surrounding 
tissues. Free suppuration from the surface of the fungous granu- 
lations, and a number of small abscesses had discharged themselves 
into the cavity of the mouth. As some doubt existed as to the char- 
acter of the inflammation, careful and repeated examinations were 
made of the pus removed from the small abscess cavities, and on seve- 
ral occasions fragments of actinomyces were found. The discovery of 
the specific cause of the inflammation cleared up the diagnosis and 
furnished a strong indication for operative treatment. An incision was 
made along the lower border of the jaw, from just below the articula- 
tion to near the symphysis, and after arresting all hemorrhage it was 
carried into the cavity of the mouth. The alveolar processes of the 
jaw were affected and were removed ; wherever the periosteum showed 
signs of infiltration it was carefully scraped away, and finally the whole 
exposed bone surface was thoroughly cauterized. The infiltrated soft 
tissues were dissected out with knife and scissors, the deepest portions 
extending as far as the tonsil. The deep portion of the wound was 
dusted over with iodoform and filled with iodoform gauze, while the 
external wound was sutured. The entire external wound healed by 
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primary union, and the cavity in the mouth closed slowly by granula- 
tion. The patient's general health improved rapidly until six weeks 
after the _ operation, when the neck below the scar became swollen, 
followed in a short time by the formation of abscesses reaching from 
the angle of the jaw to the clavicle, and posteriorly as far as the spine 
of the scapula. Numerous openings were made and efficient drain- 
age established, but suppuration continued and the patient became 
extremely emaciated. The suppurative process extended, and four 
months after the iirst operation the patient died, the symptoms during 
the last days of life pointing to a hypostatic pneumonia. Actinomyces 
were constantly found in the pus during the entire course of the disease. 
I believe that the recurrence of the disease after operation was due to 
an imperfect removal of infected tissues in the posterior and lower 
portion of the pharynx. 

Case II. — This case came under my care during the summer of 
1887. Patient was a young man who was employed on a farm. About 
five months before he was admitted into the Milwaukee Hospital he 
had a number of teeth extracted from the right upper jaw under the 
belief that the teeth, some of which were decayed, were the cause of 
the pain and swelling in that region. The physician in attendance 
diagnosticated sarcoma of the upper jaw, and sent the case to me for 
operation. On my first examination I found a swelling involving the 
right side of the face, extending from the zygomatic arch to near the 
lower border of the lower jaw, involving the deep tissues and being 
connected with the alveolar processes of the posterior portion of the 
upper jaw. The swelling was firm, and without well-defined margins. 
No evidences of suppuration. The history of the case, and particularly 
the location, extent, and physical properties of the swelling, led me to 
the opinion that it was the result of actinomycotic infection. All 
infected tissue was thoroughly excised through a large external inci- 
sion, the jaw-bone scraped and cauterized. The entire thickness of the 
cheek, with the exception of the skin and superficial fascia, appeared 
to be transformed into granulation tissue. In the granulations numer- 
ous yellow seed-like bodies were found, which under the microscope 
showed the typical structure of the ray-fungus. The mycelia were 
not as bulbous as we find them pictured in the books, but the distal 
extremity appeared to be surrounded by dust-like bodies presenting 
the appearance of a small brush. Some of the myceha appeared to be 
more covered than others. These minute bodies I looked upon as 
spores. In the first case in which suppuration had taken place I never 
succeeded in finding the actinomyces perfect and complete; in the 
second case suppuration had not taken place, and the fungus always was 
found in a perfect state and in a condition of spore-production. iJiese 
cases present a striking contrast both in regard to the local conditions 
and the ultimate termination. In the first case a secondary infection 
had already taken place, and the phlegmonous inflamibation induced 
bv the pus-microbes prepared the tissues again for the diffusion ot tbe 
actinomvcotic process ; while in the second case the process had not 
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passed beyond the stage of granulation, presenting a more distinct 
boundary-line between healthy and diseased tissues, a most important 
factor in the operative treatment. The first case died from a recur- 
rence of the disease in the vicinity of the operation wound and exten- 
sion to the neck and chest, while in the second case the wound healed 
and the patient has since remained in perfect health. 

(1. Intestines. In primary intestinal actinomycosis the disease 
must be due to mural implantation of the fungus and infiltration 
of the tissues by its progressive growth. Arrest and implantation 
of the actinomyces are determined by antecedent pathological 
changes. 

Chiari (" Ueber primare Darmaktinomykose des Menschen," 
Prager med. Wochenschrift, No. 10, 1884) described the post-mor- 
tem appearances in a case of primary intestinal actinomycosis. _ The 
patient was a man thirty-six years of age, the most prominent 
symptom being progressive marasmus. At the necropsy chronic 
tuberculosis in the apices of the lungs and a few tuberculous ulcer- 
ations in the lower portion of the ileum were found. The large 
intestine presented a very remarkable appearance, the mucous 
membrane of which, except the ceecum and ascending colon, was 
covered with whitish deposits, forming round and oblong patches 
some of them one cubic centimetre in diameter, and five milli- 
metres in thickness. In some of these patches could be seen 
minute yellowish-brown and yellowish-green granules. The 
patches were firmly adherent and when removed left a loss of sub- 
stance in the mucous membrane. The mucous membrane through- 
out was in a state of catarrhal inflammation. On microscopical 
examination the granules proved to be actinomyces. The myce- 
lium had penetrated into the tubular glands and showed calcified 
club-shaped conidia. The calcification of the club-shaped extremi- 
ties had undoubtedly prevented deeper penetration of the fungus. 
No other organs presented evidences of actinomycosis. Hochen- 
egg (" Fall von Actinomykose," Wiener med. Wochenschrift, No. 
44, 1886) presented a case of actinomycosis to the Medical Society 
in the person of a man forty-three years of age, who had sustained 
an injury of the abdomen nine months previously, and had since 
that time noticed a painful swelling at the seat of injury. In the 
region of the umbilicus a fistulous opening formed which continued 
to discharge a thin secretion in which actinomyces were constantly 
found. The patient was very much emaciated and many of the 
teeth carious. There was no swelling about the jaws or neck. 
Examination of organs of chest and the sputum contributed no 
additional information. The author expressed the opinion that 
the inflammatory swelling caused by the contusion furnished the 
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necessary conditions for the localization of actinomyces from the 
intestinal canal. 

Zemann ("Ueber die Aktinomykose des Bauchfells und der 
Baucheingeweide beim Menschen," Wiener med. Jahresbericht, 
Hefte 3, 4, 1883) reports five cases of actinomycosis of the abdo- 
men. In four of them the disease commenced with sharp lanci- 
nating pains in the abdomen, and during their course presented the 
clinical picture of chronic peritonitis. Swellings could be found in 
one or more places in the anterior abdominal wall, and the abscesses 
were either incised or opened spontaneously ; in three cases they 
communicated with the intestinal canal. 

The first case was a woman, thirty years of age, who had a fistu- 
lous opening in the anterior abdominal wall, which communicated 
with a swelling in the lefl parametrium. The patient stated that 
this swelling appeared soon after her last childbed. A constant 
discharge of yellowish-red pus was maintained, in which, under the 
microscope, numerous actinomyces could be seen. The patient died 
of exhaustion, and at the post-mortem chronic parametritis and 
perimetritis were found, with extensive pus cavities which commu- 
nicated with the rectum and bladder. The second case occurred in 
a person eighteen years of age, who, during life, had suffered from 
a large abscess in the abdominal cavity under the right lobe of the 
liver, which communicated with the intestinal canal and had led tc* 
numerous fistulous openings in the anterior abdominal wall. At 
the necropsy a loop of the ileum was found perforated and in com- 
munication with the abscess cavity. The pus contained numerous 
actinomyces. In the third case the diagnosis was made post-mortem 
by the discovery of actinomyces in the pus. The disease was located 
in the lower portion of the ileum and caecum, where it had caused 
suppuration and numerous adhesions. 

The most remarkable and interesting history is connected with 
the fourth case. A robust, well-nourished woman, forty years of 
age, was attacked quite suddenly with pain in the stomach, high 
temperature, diarrhcea, and vomiting, followed by cerebral symp- 
toms and death. At the necropsy the right Fallopian tube was 
found transformed into a large abscess, both extremities of tube 
closed, walls of sac lined with granulations containing actinomyces. 
The fifth patient was fifty years of age, and had suffered for a long 
time from lancinating pain in the abdomen ; a fistulous opening 
formed in the umbilical region and discharged a thin, yellowish- 
green pus. The post-mortem showed actinomycosis of the peri- 
toneum, small intestine, left ovary and liver, large abscess among 
intestinal coils, perforation of small intestine and bladder. In the 
upper part of the small intestine small pigmented cicatrices were 
found. In all of the above cases the microscopical examination 

15 
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revealed the presence of actiuomyces in the granulation tissue, as 
well as in the pus of the abscess cavities. 

But three cases of actinomycosis had been reported from Switzer- 
land until Langhans {Oorrespondenzblcdt f. Sohwdzerdrzte, June, 
1888) recently increased this number by three more which came 
under his own personal observation. One affected the mastoid 
region, while in the two others the entrance of the fungus took 
place through the alimentary canal. In one of these latter capes 
the process evidently started from the appendix vermiformis, which 
was four centimetres in length, the end of which appeared as if 
transversely cut in an abscess cavity the size of a walnut. _ The 
abscess was on the right side of the bladder, and so deep in the 
pelvis that during life it could not be located. The abscess pur- 
sued a chronic course, and the walls were well defined ; no sign of 
chronic or acute peritonitis. Furthermore, the mucous membrane 
of the appendix was studded with cicatrices, and presented a slate- 
color. The principal seat of the actinomycotic process was in the 
liver. The second case presented marked symptoms of perityphlitic 
abscess during life. 

The necropsy showed perforation of the caecum and ascending 
colon. No cicatrices in the mucous membrane or surrounding 
tissues. In all probability the perforations occurred from without 
inward. 

Luening and Hanau (Oorrespondenzblatt f. Schweizerarzte, 1889, 
No. 16) report a very interesting case of primary actinomycosis of 
the colon, with metastatic deposit in the liver. The patient was a 
man twenty-eight years of age, who in 1880 suffered from an acute 
abdominal affection which at the time was diagnosticated as typhlitis. 
Four years later he suffered from a second attack, which presented 
the appearances of intestinal obstruction. He was very ill for eight 
days, when the symptoms of obstruction subsided*, and he made 
a slow recovery. During the year 1887 he had a third attack, 
attended by high fever and absolute constipation for eight or ten 
days. During the month of December of the same year he had 
another but less severe attack, and at this time a hard swelling 
made its appearance in the right side of the abdomen. From this 
time until he was admitted into the hospital, April 5, 1888, he was 
confined to bed. The patient was at this time greatly emaciated, 
with a temperature from 38.4° to 39.8° C. Swelling the size of a 
fist in the right side of the abdomen half way between umbilicus 
and anterior superior spine of the ilium. Externally this swelling 
presented redness and oedema. Fluctuation indistinct. Deep pal- 
pation showed that swelling extended to right hypochondrium. 
Abdomen not tympanitic. Swelling painful and tender, pain ex- 
tending to spermatic cord and testicle on same side. A few days 
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later abscess was incised and nearly a pint of brownish pus having 
a feculent odor escaped. Digital exploration revealed an irregular 
cavity the walls of which at some points were plainly lined with 
intestinal coils. Disinfection and drainage. As the symptoms did 
not improve materially the abscess cavity was again scraped out and 
disinfected four weeks later. After this operation it was noticed 
that the pus contained yellow granules, which under the micro- 
scope were shown to be aetinomyces. The abscess was incised a 
third time, but the patient showed no improvement, and died Octo- 
ber 9th. The autopsy revealed primary actinomycosis of ascending 
colon with multiple fistulous perforations, metastatic actinomycosis 
of liver with perforation of one of the foci into the hepatic vein, 
and multiple metastases in lungs. 

These observations warrant the opinion that the mucous mem- 
brane of the intestinal canal is a frequent seat of primary localiza- 
tion of the aetinomyces, thus corroborating the statements made by 
Johne in reference to this disease in animals. 

3. Inhalation adinomyGosis. The case of actinomycotic abscess 
of the lung caused by the inhalation of an infected tooth, reported 
by Israel, has already been cited as an illustration in showing that 
decayed teeth frequently serve the purpose of an infection-atrium 
in actinomycosis of the mouth. Cases of primary actinomycosis of 
the lungs, however, have been observed in which no such carrier of 
the contagium could be found, and in which infection must have 
occurred by the direct inhalation of the fungus or its spores. 

Szen4sy ("Ein Fall von Lungen-Aktinomykose," Centralblatt f. 
Chh'urgie, 1886, Ifo. 41) found, in the case of the wife of a butcher, 
who had suffered for nine years from severe pain in the right side 
of the chest, latterly attended by a severe cough in the right mam- 
mary region, a fluctuating swelling the size of a hen's egg covei-ed 
with normal skin. On the outer side of this swelling, in the inter- 
costal space between the third and fourth ribs, another swelling 
existed double in size and elongated in shape and with indistinct 
margins. This latter swelling had been noticed for nine years, and 
was tender to the touch. Auscultation over the fourth and fifth 
intercostal spaces on the healthy side revealed bronchial breathing 
and diffuse bronchial rSles. Temperature 38.4° C. (101.1° F.). 
Urine contained a trace of albumin. By aspiration one hundred 
and fifty cubic centimetres of thick yellow pus were removed, which 
contained colonies of aetinomyces. Actinomyces were also found in 
the sputum. The patient had carious teeth, but no signs of actino- 
mycosis could be detected in the mouth. 

Canali (quoted by Partsch) communicates the clinical history of 
a girl, fifteen years of age, who had suffered for eight years from a 
cough, attended by a scanty fetid expectoration. Inspection and 
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percussion yielded only negative results. Auscultatory symptoms 
pointed to a diifuse catarrh. Under the microscope the sputum was 
seen to contain pus corpuscles, epithelial cells, and numerous actino- 
myces. ^o primary source of infection could be found in the 
mouth, pharynx, or nose. Other cases of primary actinomycosis of 
the lung have recently been reported by Laker (" Beitrag zur Char- 
akteristik der primaren Luugen-Aktinomykose," Wienermed. Presse, 
1889). Lindt ("Ein Fall von primarer Lungenspitzen-Aktinomy- 
kose," Schweiz. Oorrespondend)latt, Nos. 9-12, 1889), and Eiitimeyer 
(" Ein Fall von primarer Lungen-Aktinomykose," Berl. klin. 
Wochenschrifi, No. 3, 1889). In all of these cases the disease 
proved fatal by the extension of the actinomycotic process, followed 
by the formation of large abscesses. In Lindt's case the disease ex- 
tended from the lungs to the muscles of the neck. Moosbriigger 
interprets the mechanism of the ingress of actinomyces by assuming 
that the fungus enters the bronchial tubes during inspiration, and 
becomes at first deposited upon the mucous membrane, in which its 
presence and growth cause a destruction of the epithelial cells, when 
it reaches the submucous and peribronchial tissues, in which a nodule 
of granulation tissue is produced, which by pressure induces degen- 
erative changes and gradual destruction of the bronchial wall for 
further infection. He believes that the peribronchial lymphatic 
vessels and glands take an active part in the local diffusion of the 
process, as they furnish an avenue for the distribution of the germ 
or its spores. He claims the existence of an actinomycotic lymph- 
angitis, but confesses that he has never seen the fungus inside of 
lympha,tic vessels. As soon as the fungus reaches the pulmonary 
tissues it gives rise to parenchymatous inflammation, the first pro- 
duct of which is always granulation tissue, which, at a later stage 
and under the influence of a secondary infection with pus-microbes, 
undergoes transformation into pus corpuscles and the formation of 



Actinomycosis op Beain.— Bollinger has placed on record 
the first case of primary actinomycosis of the brain ("Ueber 
primare Aktinomykose des Gehirns beim Menschen," Munoh- 
ener med. Wochenschrift, 1887, No. 41. The patient was twenty- 
six years of age. The intra vitam diagnosis was tumor of the 
brain ; _ the most prominent symptoms were severe headache, 
paralysis of the left abducens, congestion of optic papilla, and 
momentary unconsciousness. The swelling in the brain, found on 
autopsy, presented the characteristic features of a cysto-myxoma in 
the third ventricle ; all of the ventricles were found considerably 
dilated. The swelling contained numerous colonies of actinomyces 
in all possible stages of development. The tendency to suppuration 
of the tissues usually found in all cases of actinomycosis in man was 
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entirely absent m this case. This case, if any, appears to be one of 
crypto-genetic infection, as the fungus or spores must have entered 
somewhere through the cutaneous or mucous surface without pro- 
ducing the disease at the portio invasionis, and, localizing in the 
brain by embolism, produced primary actinomycosis in this organ. 
Keller {British Medical Journal, March 2 t, 1890) reports a case 
of actinomycosis of the brain secondary to same disease in chest- 
wall in which a correct diagnosis was made during life, and an 
operation performed followed by temporary improvement. The 
patient was a woman, forty years of age, who suffered from pleurisy 
followed in six months by an abscess over the cartilage of sixth 
rib and also the eleventh. Both were incised, contents removed 
by sharp spoon, and drained. They did not communicate with the 
pleural cavity, nor were the ribs affected. These abscesses healed, 
leaving one small fistula. Two years later she complained of 
increasing paresis of left arm. Diagnosis of actinomycosis in the 
motor area was made, but patient declined operation. Convulsions 
of the left arm soon set in several times taking the course of corti- 
cal epilepsy. The paresis extended to left lower extremity and left 
side of the face. Headache, vomiting, and complete loss of con- 
sciousness followed, which developed into deep coma, and when 
apparently moribund operation was consented to. Dr. Burger, 
without any anaesthetic, trephined the skull over the middle of the 
right ascending parietal convolution, incised the dura mater and 
discolored brain substance and removed two ounces of thin greenish 
pus which contained great quantities of actinomyces. "Soon after 
opening the abscess she recovered from the deep coma, and called 
for water. On the following day consciousness returned. On the 
eighth day facial paralysis disappeared and she could move the leg. 
Six months after the operation she began to walk around. During 
the next few months, the paralytic lesions materially improved, 
but there still remained paresis of left arm and slight contraction 
of the fingers. In two months the wound had healed, and the 
patient felt very well. Several (eleven) months later, grave symp- 
toms of increasing paralysis, headache, and convulsions returned. 
Dr. Burger reopened the brain and removed a considerable quantity 
of pus. This was followed by no material improvement, and the 
patient died a few days afterwards. At the post-mortem the 
middle third of the right frontal and parietal convolutions was 
occupied by a large mass of newly-formed tissue protruding over 
the surface of the brain, reaching down into the substance of the 
brain for one inch. Underneath it, deeply buried in the white 
substance, an unopened encapsulated abscess the size of a nutmeg 
was discovered. 



CHAPTER XXI. 

GONOERHCEA. 

History. — In no other disease has the suspicion of a specific 
infective cause been so general and entertained for such a long 
time as in gonorrhcea. Hallier, Donn6, Jonissou,_ Salisbury^ and 
many others, made diligent search for its contagium, which, by 
them, was believed to be a living organism. Following Koch's 
improved method of investigation, Neisser finally discovered the 
specific microbe in gonorrhoeal pus in the year 1879 {Centralblatt 
f. d. med. Wissensck, 1879, No. 28). He called the new microbe 
gonococcus. He described the microorganism as a diplococcus 
which differed from the other varieties of this species of parasites 
in being always found in clumps of from ten to twenty, surrounded 
by a mucous envelope. Neisser's communication was soon followed 
by a number of exhaustive publications, aud to-day the literature 
on the gonococcus has become quite extensive. 

Desceiption of the Gonococcus. — The gonococcus always 
occurs in pairs, and is, therefore, a diplococcus. The cocci appear 
as hemispherical bodies with their flattened surfaces in apposition, 
which imparts to the microbe the characteristic biscuit-shaped 
appearance. The gonococci are found in clusters or clumps upon, 
or, what is more probable, as Bumm asserts, within the pus cor- 
puscles of gonorrhoeal pus. Their intracellular location was 
shown by Bumm by examining pus corpuscles in water : when, 
after imbibition of water, the cells became swollen, the cocci could 
be seen between the molecular granules of the protoplasm. The 
microbes within the corpuscle may become so numerous as to fill 
the entire space, with the exception of the nucleus. Bockhardt 
aud Haab asserted that they found them, also, inside of the nucleus, 
but this has not been confirmed by some of the ablest and most 
careful bacteriologists. 

Legrain (" Kecherches sur les Rapports qu'affecte le Gonococcus 
avec les Elements du Pus blenorrhagique," Arch, de Physiol, norm, 
et pathoL, 1887, No. 6) on studying the behavior of the cellular 
elements of gonorrhoeal pus and the gonococci, has found that in 
the very incipiency of the disease the secretion contains an abund- 
ance of epithelia and few pus corpuscles ; the gonococci are abund- 
ant on the surface of the epithelia and few in the interior of the 
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Gonococcus. (After Bumm.) 

a. From a pure culture. 

b. From a blennorrhoeic conjunctival secretion ; an epithelial cell 
covered with cocci ; a pus cell with cocci in the protoplasm ; a pus cell 
completely filled with cocci ; a free mass of cocci in close proximity 
to a pus cell (Seibert). Oc. 2. 

c. Scheme of development of gonococci. 
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pus corpuscles. At this stage iuflammatiou affects only the most 
superficial portion of the mucous membrane. In a short time, 
however, the gonococcus penetrates into the lymph spaces and the 
inflammation extends more deeply. From the second to the 
third day, as the secretion becomes more profuse, the epithelial 
cells are less numerous and the pus corpuscles are in proportion 
more abundant, and from two to three of them to every hundred 
contain gonococci, usually two to three congregated closely together 
in one corpuscle. During the progress of the acute stage the epi- 
thelial cells become more and more scanty, while the pus corpus- 
cles containing cocci increase in number so that finally one in every 
five contains the specific microbes. 

During the subacute stage, about the fourth week, the epithelial 
cells again have become more numerous, about in the proportion of 
one to every eight or ten pus corpuscles. But few of the cells 
contain gonococci, while the pus corpuscles are freely charged with 
them. In chronic cases of gonorrhoea the epithelial cells again are 
more numerous, and most of them contain gonococci while the 
pus corpuscles almost disappear. Extra-cellular gonococci are also 
numerous. He believes that gonococci can enter the nucleus. 

The size of the gonococcus varies according to its age, and 
depends, also, upon the nature of the nutrient medium. In the 
mucous membrane in man they attain the largest size, and measure 
1.6 micromillimetre from pole to pole, while the width of each 
separate coccus is 0.8 and 0.6 micromillimetre. 

According to Welander (" Ueber den Einfluss der Kenntniss der 
Gonococcen auf die Behandlung der Gonorrhceen," Hygiea, Bd. 
Ixvii., 1885), the gonococcus multiplies by division. The first 
change that is observed is that the coccus assumes an oblong shape, 
in the centre of which a constriction takes place, which becomes 
deeper and deeper until the segmentation is completed. This pro- 
cess he has only observed in cocci free in the secretion, only excep- 
tionally within epithelial cells, and never in cocci in the interior of 
pus corpuscles or their nuclei. He was unable to satisfy himself 
of the correctness of Bockhardt's observation that the gonococcus 
multiplies in the interior of white blood-corpuscles. 

Staining. — The gonococcus stains readily with basic anilme 
dyes, but by using gentiana, dahlia, and methyl-violet, the staining 
becomes so intense that the fissure between the cocci becomes 
obscured, while this is not the case by using concentrated fuchsin 
solution Bumm claims that the staining can be done most success- 
fully with aniline-violet, and that the staining is less intense by 

using fuchsin. . ^ ■ ^• 

Smirnoff stained the gonococci for microscopical examination as 
follows : The slide is covered with a thin layer of pus, dried, and 
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immersed for a minute in a solution of methyl-blue, composed of 1 
part of methyl-blue, 33 parts of alcohol, and 66 parts of water, 
after which it is washed in water, and after drying mounted in 
Canada balsam. 

Schuetz (MunGh. med. Woohenschnfi, No. 14, 1889) recommends 
the following method : The carefully prepared cover-glass prepara- 
tions are immersed for from five to ten minutes in a cold, filtered, 
and saturated solution of methylene-blue in five per cent, carbolic 
acid water. They are then washed in distilled water, and_ after- 
ward placed for a moment in a solution of fivp drops of acetic acid 
in twenty cubic cm. of distilled water, and again washed in pure 
water. Everything in the specimen is now decolorized, except 
the gonococci, which remain distinctly blue. Double staining 
with safranin can now be done when the gonococci and epithelial 
cells show a blue color, while the pus cells and their nuclei are 
found salmon-colored. 

Cultivation. — The cultivation of the gonococcus is associated 
with many difficulties. Biimm {Der Mhroorganismus der Gonor- 
rhodsohen Sohleimhavti-Erkranhung, Gronococcus Neisser, Wiesbaden, 
1887), succeeded best in obtaining a pure culture upon blood serum 
of the calf and sheep, especially if to the coagulated serum a little 
serum from human bl(iod is added, and after coagulating again the 
nutrient medium is kept at an even temperature of 30° to 34° C. 
(86° to 93.2° F.). If the temperature exceeds 38° C. (100.4° F.), 
the gonococci are invariably destroyed. By using the above nutrient 
substance Bumm observed, eighteen to twenty-four hours after in- 
oculation, the whole surface covered with the growth. The culture 
gr6ws only upon the surface and does not liquefy the soil. The 
addition of very mild antiseptics to the soil completely prevented 
the growth of the microbe. Cultivations on agar-agar and gelatin 
never proved successful. 

Kreis (" Beitrage zur Kenntniss der Gonococcen," Wiener med. 
Woohensehrift, 1885, Nos. 30-32) succeeded in cultivating the gono- 
coccus upon agar-agar with an admixture of Kemmerich's meat- 
peptone, kept at a temperature of 30° to 40° C. (86° to 104° F.). 
The culture soil was not liquefied and the size of the cocci was uni- 
form; addition to the soil of 2 per cent, alkali arrested further 
growth of the culture. 

Krause (" Die Micrococcen der Blenorrhoea neonat.," Centralblatt 
f. d. prakt. Augenheilk., 1882, p. 134) made cultivation experiments 
upon meat-infusion-peptone-gelatin, but failed in many instances. 
After many trials with serum of animal blood he finally succeeded 
in obtaining a culture by placing the glass tubes in an incubator, 
in which the temperature was kept from 30° to 38° C. (86° to 
100.4° F.). The culture appeared on the surface, starting from 
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the puncture as a yellowish-gray film which grew very slowly. 
Leistikow and Loffler also succeeded best with blood serum. 

Inoculation Experiments. — 1. In man. Bumm found two 
females who were willing to submit to inoculation experiments. 
In one a pure culture obtained upon human blood-serum, and in 
the other a pure culture grown upon animal blood-serum, were 
applied to the urethra. In both cases a typical gonorrhcea was de- 
veloped. !N"umerous gonococci could be found in the pus. These 
experiments aiForded him a reliable proof of the etiological signifi- 
cance of the gonococcus. 

Bokai (Allg. med. Central Zeitung, 1880, No. 74) produced gon- 
orrhoea in two men by the injection of a pure culture into the 
urethra. 

Bockhardt injected into the urethra of a man, forty-five years of 
age, suifering from a fatal disease, a pure culture of the gonococcus 
grown upon meat-infusion-peptone-gelatin, and produced a typical 
gonorrhoea. On the third day the secretions were examined for the 
specific microbes, which were found in abundance. On the tenth 
day the patient died of hypostatic pneumonia. The post-mortem 
revealed the existence of gonorrhoea! cystitis and nephritis. In the 
pus of these organs, and in the sections from the fossa navicularis, 
numerous gonococci were found in the nuclei of the while blood- 
corpuscles, while the connective-tissue spaces and lymphatic channels 
appeared to be almost completely blocked by them. The compli- 
cations which were found, he regards as the direct result of the 
diffusion of the specific microbes. 

Welander ("Einige Versuche zur Eeststellung der Vitaltitat 
der Gonokokken ausserhalb des menschlichen Korpers," Schmidt's 
Jahrbiicher, B. ccxiv. p. 39) studied the resisting power of the gono- 
coccus outside of the organism by inoculation experiments. As 
early as 1884 he made inoculations with negative results with dried 
gonorrhoeal pus removed three hours to eight days before directly 
from the urethra. During the year 1886 the same experiments 
were repeated. In all cases in which inspissated pus was used the 
inoculation proved harmless. The result was the same whether the 
pus was used in the dry form, or moistened with water. These 
experiments prove that the gonococci lose their virulence during 
' the process of drying. To ascertain how long the gonococci will 
retain their virulence in fluid pus, he removed the pus directly 
from the diseased urethra and preserved it in capillary glass tubes 
in the same manner as vaccine virus is preserved. Four experi- 
ments were made. In three, the inoculations were made from one 
to several days after removal ; in all the results were negative. In 
the fourth case, the inoculation was made with pus removed three 
hours before. On the third day the infected patient complained oi 
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a burning, smarting sensation in the fossa navicularis, which was 
followed by a typical gonorrhcea two days later. In the last case 
the pus was kept at the temperature of the body, which was not 
done in the other experiments. Two experiments he made with 
pus exposed to a temperature near the freezing-point, with negative 
results in both instances. . i , . 

2. In animals. No uniform results have been obtained by inocu- 
lation experiments in animals, not because the gonococci are not the 
cause of gonorrhoea, but on account of the immunity of most animals 
to this form of infection. Lundstrom claims that he obtained a 
pure culture upon Koch's gelatin, and that inoculations with this 
produced typical gonorrhoea in dogs; in the purulent secretion 
numerous gonococci could be found. 

Bumm states that pure gonorrhoeal pus can be injected into the 
subcutaneous cellular tissue of animals without causing reaction, 
and that if, after twenty-four hours, an incision is made, and some 
of the pus which was injected is removed, it will be found that the 
cells are still in good condition, but that the cocci have disappeared. 

That the gonococcus has a special predilection for the mucous 
membranes is well shown by the regularity with which purulent 
ophthalmia is produced by the infection of the conjunctiva with 
gonorrhoeal pus. 

The ease and regularity with which gonorrhoea can be produced 
in man by inoculation with a pure culture of the gonococcus, fur- 
nishes the pundum saliens which characterizes this microbe as the 
materia pecoans of gonnorrhcea. 

Action of Gonococcus on the Tissues. — The presence of the 
gonococcus so far has been demonstrated in the urethra, bladder, 
kidney (Bockhardt), in perimetritic abscesses following gonorrhoea, 
in the purulent contents of joints in gonorrhoeal synovitis, the con- 
junctiva, rectum (Bumm), in the uterus, cervix, vagina, vulva, and 
in Bartholin's glands. The real seats of gonorrhoeal infection are 
mucous membranes lined by columnar epithelium, or epithelium 
which closely resembles it. The grouping of the microbe in the 
pus corpuscles, from a diagnostic point of view, is more important 
than its diplococcus form. For the purpose of studying the effects 
of this microbe on the tissues, Bumm examiued twenty-six specimens 
of gonorrlioeal conjunctivitis. When the gonococcus is brought in 
contact with the conjunctiva or the urethra, the first growth takes 
place upon the surface of the epithelial layer, as its entrance into 
the deeper layers meets with difficulty, and Bumm asserts that it 
penetrates deeper only after the epithelial layer has become some- 
what loosened by inflammatory changes — that is, after intercellular 
passages have formed. A dense, compact layer of epithelial cells 
furnishes a safe protection against gonorrhoeal infection, so much 
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SO, that Biimm claims that a true gonorrhoea in the vagina of adults 
is impossible, while it does occur in children. The gonococcus 
reaches the deeper tissue layers exclusively by its growth iuto the 
intercellular passages, consequently the advance is very slow. The 
first effect of the infection upon the mucous membrane is an increase 
of the physiological secretion— a thin mucous fluid. Suppuration 
is not the result of the cocci, but of chemical substances which are 
produced by them, as pus corpuscles appear before the microbes 
have reached the vascular layer of the mucous membrane. As the 
pus corpuscles enter the epithelial layer the latter becomes still looser 
and some of the cells exfoliate. Afler this stage the pus cells are 
the structures in which the gonococci are developed. Cessation of 
the suppurative process is not always a sign that infection has also 
ceased, as during the latent stage only a catarrhal secretion is pres- 
ent, but suppuration may be lighted up again at any time under the 
influence of additional causes which produce an aggravation of the 
chronic inflammatory process. 

In serous cavities gonorrhoeal pus produces, as a rule, a circum- 
scribed abscess. Sinclair, in his excellent monograph {Gfonorrhceal 
Infection in Women, London, 1888, p. 79), after describing the gonor- 
rhoeal infection from the vagina, says : " The proper character and 
results of the pathogenous activity of the gonorrhoeic microbes are 
therefore seen, pure and unadulterated, in the tubes. They cause 
purulent inflammation of the mucous membrane, but the sur- 
rounding connective tissue remains free from them. The gonor- 
rhoeic tubal pus is evacuated iuto the peritoneum, and whereas in 
other conditions the bursting of an abscess into the abdominal 
cavity is followed by the gravest consequences, in this case the 
whole process terminates with a circumscribed inflammation, encap- 
sulating the exuded pus. The cause of this difference is the varying 
pathogenic value of the organisms which are contained in the pus. 
A puerperal pelvic cellulitic abscess bursting into the peritoneum 
causes general peritonitis, because it contains pyogenous strepto- 
cocci, which rapidly multiply in serous cavities and are capable of 
exerting the most deleterious effects. Gonorrhoeal tubal pus cannot 
do this ; its microbes do not find in the peritoneum conditions for 
their increase ; the pus, therefore, acts as an aseptic foreign body, 
becomes encapsulated, and is finally absorbed." 

That this favorable termination does not always follow gonor- 
rhoeal infection of the peritoneal cavity is well shown by a case 
reported by Loven (" Fall von Gonorrhoe bei einem fiinf jahrigen 
Madchen ; Peritonitis ; Tod," Schmidt's Jahrbueher, B. ccxiv. p. 
39) which is by no means an isolated one. The source of mfection 
could not be learned in this case, but the diagnosis of gonorrhcBic 
ascending infection was positive. The disease commenced as an 
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ordinary vulvo- vaginal blennorrhoea, wliich consecutively extended 
to the uterus and Fallopian tubes, and terminated in pelvic and 
diffuse peritonitis. It is possible that in this case a secondary 
infection had taken place, as at the necropsy chain cocci were found 
in the peritoneal cavity. 

The Gonococcus and Puetjlent Ophthalmia. — Haab {Der 
MicroGoocus der Blenorrhcea neonat, Wiesbaden, 1881) showed that 
the microorganism found in gonorrhceal pus and the secretion 
of purulent ophthalmia are identical. He placed great stress on 
the fact that according to his own observations the gonococcus is 
always present in the secretions of purulent ophthalmia, and that 
it is never found in the simple inflammatory or catarrhal form, 

Widmark (" Bakteriologische Studien iiber purulente Conjuncti- 
vitis und gonorrhceische Urethritis," Hygoei, B. xlvi., 1884) exam- 
ined twenty-four cases of purulent conjunctivitis in reference to the 
existence of the gonococcus, using Welander's method. In most of 
the cases he found the microbe. The gonococcus was found free in 
the secretions, the pus corpuscles, and the epithelial cells. He be- 
lieves, with Welander, that during the period of incubation the 
microbes remain attached to the epithelial cells, and are reproduced 
there, whence they later penetrate into the deeper tissues. After a 
time they almost disappear in the secretions, without, at the same 
time, any improvement taking place in the catarrhal condition. 
From a practical standpoint these observations are important, as 
they prove the importance of early treatment before the microbes 
have passed beyond the reach of local applications of ajatimycotic 
remedies. 

Among other prominent ophthalmologists, Sattler, Lebert, and' 
Hirschberg recognize the gonococcus of Neisser as the specific cause 
of gonorrhoea and its identity with the coccus found in specific 
purulent ophthalmia. 

The Gonococcus in Abscesses. — Opinions are divided in 
reference to the pyogenic properties of the gonococcus. In infec- 
tions of the mucous membrane its pus-producing property is well 
known, but at present is not attributed to its direct effect on the 
tissues, but to the action of ptomaines which it produces. A num- 
ber of cases have been reported which appear to show that under 
certain circumstances the microbe enters the circulation and is the 
cause of metastatic abscesses, and on this account should be classed 
with the pus-microbes. 

Horteloup relates the case of a man, twenty-seven years of age, 
who had suffered from gonorrhoea for several months, in whom an 
abscess formed in the clavicular region, which was incised, and in 
the pus numerous gonococci were found. 

Schwarz {Sammlung Min. Vortrage, 1886, No. 279) asserts that 
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the gonococcus is constantly found in the effusion of joints in gon- 
orrhoea! rheumatism, in abscesses caused by gonorrhoea, and in the 
glands of Bai'tholin. He further states that it is found free in the 
fluid, but mostly it is incorporated in the protoplasm of pus-corpus- 
cles. Petrone detected the specific microbe in the effusion of joints, 
and in the blood, in two patients suffering from gonorrhoeal rheu- 
matism. He regarded the joint complications as metastatic pro- 
cesses caused by the gonorrhoeal infection. 

Kammerer (" Ueber gonorrhoeische Gelenkentziindung," Central- 
blatt f. Ohirurgie, 1884, No. 4) examined the fluid from two cases 
of gonorrhoeal arthritis, and found micrococci present in one and 
absent in the other. 

At a meeting of the Gesells. d. Aerzte, in ZUrich, Prof Haab 
(Correspondence, British Medical Journal, June 2, 1888) read a 
paper on a generalized or constitutional gonorrhoeal infection devel- 
oping consecutively to specific urethritis. He often met cases of 
gonorrhoeal iritis and irido-cyclitis, as well as of conjunctivitis, 
originating without any direct transmission of the urethral dis- 
charge. In cases of the latter kind no gonococci were present in 
the conjunctival secretion, the disease usually running a mild and 
favorable course. He further cites a striking case of generaHnfec- 
tion after urethral gonorrhoea, in which death was threatening in 
consequence of extreme exhaustion, caused by a continuous, uncon- 
trollable fever of many weeks' duration. The man was_ suffering 
from effusion into his knee- and elbow-joints, abscesses in the left 
axilla, prolonged and obstinate cystitis, and double ophthalmia of 
the severest kind, ending in complete destruction of one eye and a 
serious disorganization of the other. No' microbes were found in 
the articular exudation, but the axillary abscess was found to con- 
tain staphylococcus. Prof Haab seems to think that this case is 
an instance of a mixed general infection with gonococcus plus 

staphylococcus. . ^ „ c^ -n ^ i. 

Bergmann (" Gonitis gonorrhceica mit Coccen," St. Fetersburger 
med. Wochenschrifi, 1885, No. 35) found gonococci in pus removed 
from a knee-joint of a patient suffering from gonorrhoBa, three 
weeks after the beginning of the urethritis. . , r.i, 

Haslund ("Beitrag zur Pathogenese des gonorrhoeischen Kheu- 
matismus," Viertdjahrssehrifi f. Derm. u. Syph., B.ix^ p. 359) on 
the other hand, was unable to find the specific cocci of gonorrhoea 
in eleven cases of synovitis in gonorrhoea patients. . j, . 

Hoffa (" Bacteriologische Mitth. aus der chir. Klinik des Prot. 
Maas Wiirzburg," Fortschntte der Medidn, B. x. p. 75) found no 
gonococci in a purulent synovitis^ occuring in a Paticnt suifenng 
from gonorrhoea, but in two cases in which bubo formed he found 
staphylococcus pyogenes albus and aureus in the pus of the abscesses, 
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but no gonococci. These were undoubtedly cases in which suppura- 
tion in the glands was caused by a mixed infection. Smirnoff 
(Wrateh, 1886, JSTo. 31) examined the sero-purulent contents re- 
moved from the knee-joint by aspiration, in a patient twenty-eight 
years of age, six weeks after gonorrhoeal infection and two weeks 
after the commencement of the joint affection, and found numerous 
clusters of gonococci within the pus-corpuscles. Afanasieff made 
similar observations. 

Sahli has recorded a very interesting case of gonorrhoeal meta^ 
stasis of the skin. In a patient who for two mouths had suffered 
from gonorrhoea, there appeared two abscesses, as large as a man's 
fist, situated in the region of the knee-joint. On incision a large 
quantity of sero-sanguinolent pus escaped. Microscopical examina- 
tion revealed the presence of typical gonococci, imbedded, as usual, 
within pus-corpuscles. 

Some pathologists, among them Watson Cheyne (" Lectures on 
Suppuration and Septic Diseases," Brit. Med. Journ., February 15, 
March 3, 10, 1888), assert that, when in cases of gonorrhcea sup- 
purative adenitis and para-adenitis in the inguinal glands take 
place, pus-microbes are present in the pus, and the suppuration 
must be considered as the consequence of a mixed infection. 

Diagnostic Value of the Gonococcus. — Neisser, Bumm, 
Bockhardt, Eschbaum, Newberry, Campona, Aufrecht, Schwarz, 
Lundstrom, Weiss, Ehrlich, Brieger, Hartdegen, and others have 
never failed in finding the gonococcus present in gonorrhoeal dis- 
charges. The best ophthalmologists rely upon its presence in differ- 
entiating between specific and simple conjunctivitis. Only a few 
authorities have arrayed themselves against Neisser's claim. 

Sanger (" Gonorrhoeal Disease of the Uterine Appendages and 
its Operative Treatment," Arehiv f. Gfyndkologie, B. xxv. Heft 1) 
states that the hope aroused by the discovery of Neisser, that in the 
gonococcus we should find the means of diagnosing chronic gonor- 
rhoea, had proved to be in vain, and holds it to be an established 
fact that gonorrhoea can exist without the demonstrable presence of 
gonococci. The absence of the gonococcus proved nothing against 
the gonorrhoeal nature of the disease ; whilst the presence of diplo- 
coeci, in view of the occurrence of non-pathogenic forms, did not 
prove the gonorrhoeal nature of the disease. If the cocci cannot be 
found, they may have been somewhere broken up, while a ferment 
produced bythem may still be active ; or they are absent from the 
secretion while present in the tissues; or there exists — and this 
would render the high degree of infectiousness of a comparatively 
trifling amount of secretion in latent gonorrhoea the most intelli- 
gible — a permanent form (Dauer-form) of the gonococcus not yet 
discovered. 
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Eugen Frankel ("Bericht liber eiue bei Kinderu beobachtete 
Endemie infektioser Kolpitis," Virchow's Arohiv, B. xcix. p. 251) 
claimed to have found a diplococcus in the secretions of non-gonor- 
rhceal colpitis in children which could not be distinguished from 
the gonococcus of Neisser. He therefore argued that for diagnostic 
purposes the simple presence of the microbe could not be relied 
upon, and cultivation and inoculation experiments became necessary 
in order to differentiate between the specific and non-specific diplo- 
coccus. Later, after resorting to another method of staining, he 
satisfied himself that the diplococcus was identical with Neisser's 
gonococcus. 

Sinety and Henneguy have made special observations in reference 
to the presence of the gonococcus in the pus of gonorrhceal urethritis 
in the female and found it present only in cases in which the urine 
was of alkaline reaction, while they failed to find it when the urine 
was acid. 

Pott {Archivf. Cf-ynakologie, B. xxxii. Heft 3) has examined 96 
cases of purulent vulvo-vaginitis in children, more than one-half 
of whom were under five years of age. He believes that they were 
all the result of some specific infection. Small endemics occurred 
from the infection of several children in the same family, through 
the medium of soiled clothing, sponges, etc. The writer has only 
observed three cases of gonorrhceal infection by direct communica- 
tion of the virus. Bacteriological examination of the discharge 
usually revealed the presence of the specific microbe of gonorrhoea. 
In the discussion of this paper, Prochownik stated that he had found 
the cocci in 17 out of 21 cases of vulvo-vaginitis in children. In 
all of the cases urethritis was a prominent symptom. A girl, three 
and a half years of age, that came under the care of Sanger devel- 
oped intense peritonitis in consequence of an attack of gonorrhoea. 
Sanger is of the opinion that cases of pyosalpinx and old localized 
pelveo-peritonitis in young virgins might possibly he referred to 
gonorrhoea contracted in childhood through indirect infection. 

Spaeth {Milnchener med. Woohensohrift, 1889) examined the pus 
in 21 cases of vulvo-vaginitis occurring in girls between three and 
eleven years old, and found gonococci in 14. In the non-specific 
catarrh the inflammatiou never implicated the mucous membrane of 
the urethra. In adult females affected with gonorrhoea the greatest 
number of the specific microbes is always found in the pus from 
the urethra. In children it is not always easy to discover the 
.source of infection. In 11 of the above cases the mother had gon- 
orrhoea; in 2, the father; in 3 only had the child been violated. 
In children the disease seldom extends to the uterus and tubes, 
although a few cases of gonorrhceal pyosalpinx have been sported 

Steinschneider {Oentralblatt f. d. med. Wissensck, 1890, JNo. 39) 
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regards Gram's method of staining as necessary to maiie the micro- 
scopic examination of gonorrhceal pus of diagnostic value, as the 
gonococcus is not stained by this method, while nearly all other 
diplococci found in the urethra are colored thereby. 

These conclusions, which agree with those of Roux, are the 
result of the examination of 86 patients with acute and chronic 
gonorrhoea. The almost entire certainty of this test is rendered 
absolute by the observation of the further characteristic of the 
gonococci, namely, that they are found within the pus-corpuscles. 

Sternberg [The Medical News, January 20, 1883) cultivated a 
micrococcus from gonorrhceal discharges in bouillon which in its 
morphology resembled the gonococcus described by Neisser. He 
made numerous inoculation experiments in animals and a few in 
man with only negative results. Subcutaneous injections of a pure 
culture also proved harmless. He came to the conclusion that the ■ 
micrococcus which he found corresponded to the micrococcus ureas 
of Cohn ; the pathogenic effect of which has been shown to be the 
cause of the alkaline fermentation of urine (Pasteur). 

Leistikow (Deutsche Medidncd-Zeitung, September 7, 1882) has 
observed that during the first stage of gonorrhoea, when the dis- 
charge is thick and abundant, but few gonococci could be found. 
They were found abundant in the thin and scanty secretion of the 
later stages, sometimes even when the disease had existed for a 
year. All authorities who have studied the relations of the gono- 
coccus to gonorrhoea with the greatest care, insist that, for diagnostic 
purposes, it is not only necessary to demonstrate its presence, but 
to ascertain its intra-cellular location and the manner in which this 
microbe arranges itself in groups in the protoplasm of the cell be- 
tween the nucleus and the envelope of the cell, and these conditions 
should be studied with the greatest care in all medico-legal cases in 
which a positive opinion must rest on a microscopical examination 
of the secretion. 
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SYPHILIS. 

The infectious microbic nature of syphilis is so evident that no 
one for a moment would dare to question it, and yet with all 
modern improvements for bacteriological research and the prevalence 
of this affection at all times, and all over the world, it is strange 
that, so far, it has not been possible to furnish positive and con- 
vincing proof of the existence of a definite, specific microorganism 
in all syphilitic lesions, and to demonstrate its etiological relation 
to this disease. It is interesting and profitable to know what has 
been done during the last few years in the bacteriological study of 
syphilitic lesions, and although the claims which have been made 
are in all probability unfounded, I will give a brief rSsume of the 
literature on this subject. 

In 1884 Lustgarten (Wiener med. Woehensohrift, 1884, No. 47) 
announced that he had found a bacillus in two cases of initial 
sclerosis and in a syphilitic gumma, for which he claimed specific 
pathogenic properties. Nearly at the same time, and without 
knowledge of Lustgarten's work, Doutrelepont found a bacillus in a 
primary hard chancre, two broad condylomata, and in one case of 
syphilitic papular eruption of the skin, which resembled closely the 
bacillus of tuberculosis. He found it difiicult to stain this bacillus, 
but finally succeeded with gentian-violet. In the beginning of the 
year 1885, Lustgarten (''Die Syphilisbacillen," Mit. 4 Tafeln, 
Wiener med. Jahrb., 1885) published his second paper, in which he 
gave an accurate description of the bacillus and the results of a 
more extended investigation of the subject. He had in the mean- 
time examined numerous specimens of syphilitic lesions, and as he 
had invariably been able to demonstrate the presence of the bacillus 
in them and its absence in two soft chancres, he expressed his firm 
conviction that the bacillus was the specific cause of the disease. 

Description op Lustgarten's Bacillus of Syphilis. — The 
bacilli are rods 3 to 4 micromiliimetres in length, and 0.88 micro- 
millimetre in thickness, resembling somewhat the bacilli of leprosy 
and tuberculosis. The rods are not straight, but somewhat curved, 
or S-shaped. After staining, light oval spots were seen within 
their protoplasm which were thought to be spores. The bacilli 
were never seen free, but were always found in the interior of 

16 
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nucleated cells which are more than double the size of leucocytes. 
The bacilli have been observed in the discharge of the primary 
lesion, and in the hereditary affections of tertiary gummata. 

Staining. — Lustgarten's Method. Sections are placed for from 
twelve to twenty-four hours in the following solution at the ordi- 
nary temperature of the room, and finally the solution is warmed 
for two hours at 60° C. (140° F.) : 

Concentrated alcoholic solution of gentian-violet . 11 parts. 
Aniline water 100 " 

The sections are then placed for a few minutes in absolute alcohol, 
and from this transferred to a 1.5 per cent, solution of permanganate 
of potassium. After ten minutes they are immersed for a moment 
in a pure concentrated solution of sulphurous acid. If the section 
is not completely decolorized, immersion in the alcohol and in the 
acid must be repeated three or four times. The sections are finally 
dehydrated with absolute alcohol, cleared with clove-oil, and 
mounted in Canada balsam. Giacomi has simplified and improved 
this method. He immerses cover-glass preparations by staining 
them for a few moments in a solution of fuchsin, after which they 
are washed in water to which a few drops of a solution of chloride 
of iron have been added. Complete decolorization is effected in a 
concentrated solution of chloride of iron. 

Doutrelepont and Schiitz obtained good results by staining in a 
one per cent, gentian solution, decolorizing in a solution of nitric 
acid 1 : 15, and after-staining with safranin ; after which they are 
dehydrated in a sixty per cent, solution of alcohol, cleared in clove- 
oil, and mounted in Canada balsam. After this process the bacilli 
are stained blue and the tissues red. 

Gottstein immersed the sections for twenty-four hours in fuchsin 
solution, after which they were washed in water and transferred 
into pure or diluted tincture of chloride of iron, dehydrated in 
alcohol, and cleared up in oil of cloves or xylol, when they are 
ready to be embedded in Canada balsam. This method stains the 
bacilli a red or dark violet color. 

Cultivation Experiments. — Lustgarten's cultivation experi- 
ments did not succeed. Few attempts to reproduce the bacillus 
upon diiferent nutrient media have yielded positive results. Klebs 
succeeded best in cultivating them upon a gelatin prepared from 
the bladder of a kind of sturgeon (Hansenblasen-gallerte) found in 
some of the rivers of Eussia. Inoculations of gelatin kept at the 
ordinary temperature of the room produced, after thirty-seven days, 
around the implanted piece of tissue a grayish-yellow culture. In 
one instance the same culture medium was inoculated with the 
blood of an infected monkey, when on the fifth day a brownish 
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zone Imd formed around the streak made by the needle, which on 
microscopical examination was seen to be composed exclusively of 
small bacilli. Embedded in the culture, granules were also found 
which were thought might be spores. Similar results have since 
been obtained by Martineau and Hammonic {Les Bacteries, par 
Cornil et Bab6s, p. 774) and Birch-Hirschfeld (Centralblatt f.d. 
vied. Wtss., 1882, Nos. 33, 44), who cultivated the bacillus from 
the primary lesiou, condylomata, and gummataof internal organs. 
Inoculation Expeeiments.— The transmission of syphilis to 
ammals by implantation of syphilitic tissue, or by inoculations with 
cultures, has, so far, not met with uniform success, as it has been 
. found difficult to find animals susceptible to syphilitic infection. 
_ Kleb's experiments on monkeys yielded positive results. Mar- 
tineau and Hammonic experimented on the same animal, and pro- 
duced the disease by inoculation with a pure culture. They observed 
twenty-eight days after inoculation of the prepuce two indurations 
which were followed by general secondary symptoms. In one case 
in which Klebs used a culture for inoculation an abscess formed, and 
the animal remained apparently well until the seventh week, when a 
granulation-swelling formed at the base of the upper jaw which 
ulcerated, and from this point a cheesy infiltration extended to the 
base of the skull ; the same deposits were found between the base 
of the skull and the dura mater. From the abscess which still 
contained cheesy masses lymphatic infection had taken place, and 
the glands also contained cheesy material. No miliary tuberculosis 
could be found. Bacilli were found in the cheesy material which 
were identical with those contained in the inoculation material. In 
another case a piece of tissue from a hard chancre was implanted 
under the skin of one of the posterior extremities. Six weeks after 
the implantation general and febrile symytoms supervened, attended 
by a papular eruption on the forehead and face. Death occurred 
five months after inoculation, and at the post-mortem syphilitic 
lesions were found in the skull and luugs. 

Bacteriologieal and Experimental Study of Syphilis. 

Doutrelepont and Schiitz (" Die Bacillen bei Syphilis," Deutsche 
med. Wochenschrift, 1885, No. 9) are more reserved in their state- 
ments than Lustgarten in reference to the causation of syphilis by 
the bacillus just described. In regard to the uniform presence of 
a bacillus in syphilitic lesions they concur in the views advanced 
by Lustgarten. They found the bacillus between and within cells. 
They consider it as the probable cause of syphilis, but they thought 
that further proof must be furnished by culture and inoculation 
experiments before this question could be definitely settled. 
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Doutrelepont found the bacillus taken from the blood near a 
syphilitic lesion of the skin, and from a syphilitic primary sclerosis 
of the upper lip produced a feeble culture upon solidified hydrocele 
fluid. 

Matterstock {Sitzungsherioht d. phys.-med. Gesellschafi zu WUrz- 
burg, 1885, und TJeher Badllen bei Syphilis, Wurzburg, 1885), after 
a careful examination of 100 sections and 150 specimens of secre- 
tions from syphilitic lesions, supported in the main the views held 
by Lustgarten, and places great importance upon microscopical 
examination of syphilitic products as a diagnostic measure. Con- 
jointly with Bitter, of Osnabriick, he found the disintegrated bacilli 
described by Doutrelepont in the shape of granular masses, which . 
outlined the size and shape of the bacilli. He often saw the bacilli 
between the cells and the connective-tissue fibrillse. He states that 
the bacillus is not present in large numbers in the specimens, and 
unless carefully searched for may not be found. As it can be found 
in the lesions of all three stages of the disease, he asserts that its 
etiological importance can be no longer doubted, even although 
cultivation and inoculation experiments have so far not furnished 
the crucial test. Later the same author found similar bacilli in the 
secretions of the genital organs in patients in whom syphilis could 
be excluded with certainty. 

Markuse ( Vierteljahrsschrift fur Dermat. und Syph., 1888) on 
examining 109 cases found Lustgarten's bacilli in 10 of 23 cases of 
hard chancre, in 43 of 57 of anal condylomata, and once in 19 cases 
of papules about the mouth examined. In 8 gummata and 2 pus- 
tular syphilides no bacilli were found. Smegma bacilli were found 
in 125 cases examined. They diifer from the bacilli of syphilis in 
being more easily decolorized by acids. 

Andromico (" Ueber die parasitare Genese der Syphilis," Viertel- 
jahrsschrift f. Derm. u. Syph., 1886, p. 475) claims to have culti- 
vated from a flat nodule of the skin in a syphilitic patient, cocco- 
bacteria which, injected under the skin of a rabbit, produced a 
typical indurated ulcer, followed by glandular infiltration. He 
also inoculated a cat with fluid contents of a syphilitic pemphigus 
with the result of producing a hard, painless swelling followed by 
a papular eruption of the skin, and loss of hair of the skin covering 
the abdomen. The fluid injected and the syphilitic lesions in the 
animal contained the same bacteria which he had cultivated from 
the syphilitic nodule of the skin. 

Doutrelepont ("Ueber die Bacillen bei Syphilis," Vierteljahrs- 
schrift f. Derm. u. Syph., 1887, p. 101), after more extended obser- 
vations, has come to the positive conclusion that bacilli are always 
present in syphilitic lesions, and even in the blood of patients suf- 
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fering from syphilis, and insists that in spite of the discovery of the 
bacillus of smegma they must be regarded as the cause of syphilis. 

Zeissl (" Untersuchungen uber den Lustgarten'schen Bacillus in 
Syphilisproducten und Secreteu derselben," Wiener med. Presse, 
1885, No. 48) examined sections from nine cases of initial sclerosis 
for bacilli, and found them present only in one, and in this one, 
only two were to be seen. Baumgarten readily detected Lustgar- 
ten's bacillus in a specimen taken from a hard chancre by resorting 
to DeGiacomi's method of staining after he had failed in numerous 
instances with Lustgarten's method. 

Haberkorn claims to have found in the blood of syphilitic 
patients a microorganism which he describes as a round, oval, or 
short cylindrical-shaped spore of darkened color, 0.001 to 0.002 
millimetre in diameter, which is also found in close proximity, or 
adherent to white blood-corpuscles. He also claims to {have 
cultivated this microbe. 

Marcus (These de Paris, Annales de Derm, et Syph., 1885) dis- 
covered another microbe which he believed to be the cause of 
syphilis. He found in syphilitic lesions cocci arranged in groups 
of from six to seven, which could be readily stained with gentian- 
violet. They resist the action of alcohol, and are easily deprived of 
their color in acidulated alcohol. He made successful cultivations, 
but his inoculation experiments yielded only negative results. 

Another bacillus which was supposed to be the cause of syphilis 
was described by Eve and Lingard (On a Bacillus Cultivated 
from the Blood and from Diseased Tissues in Syphilis, 1886). 
This bacillus contained spores aud was readily cultivated. It 
appeared in the form of rods somewhat variable in length, which 
on staining showed that the different segments were unequally 
stained. The most successful results in staining were obtained with 
Humbolt-red, in aniline oil, and decolorization in alcohol. Gram's 
method was also found efficient, while Lustgarten's yielded only 
negative results. The cultures grew upon solid blood serum or 
hydrocele fluid and agar-agar. 

Disse and Taguchi (" Ueber das Contagium der Syphilis," 
Deutsche med. Wochenschrift, 1885, No. 48, and same, 1886, No. 
14) examined the blood of patients suffering from secondary syphi- 
lis, and found in it almost constantly cocci of one micromillimetre 
in diameter, isolated, or in colonies between the blood corpuscles. 
The cultures upon different nutrient media appeared as grayish- 
white masses. All culture media with the exception of solid 
blood serum were liquefied by them, aud it is the first time that 
we have an account of the liquefaction of agar-agar by microbes. 
In the cultures the microbes appear in pairs which give them the 
appearance of short rods with a light space in the middle at the 
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point of junction of the two cocci. They exhibited active move- 
ments, and reproduction was seen to take place by simple segnien- 
tation Gram's method of staining proved most successful. Iso- 
lated cocci, the authors believe, exist iu the blood of patients the 
subject of latent syphilis, and in cultures made from them the 
diplococcus appears. With a pure culture seven rabbits, two sheep, 
five dogs, and one white mouse were inoculated. Under strict 
antiseptic precautions the microbes were introduced into the sub- 
cutaneous tissue through a minute incision. Diplococci were found 
in the blood of the dogs and rabbits after ten days, in the sheep 
after three weeks, and their presence remained constant for several 
months. Among the dogs were four females ; two of them were 
pregnant at the time of inoculation, and all of the pups died soon 
after they were born. Some of the inoculated animals died at dif- 
ferent times, and the others, with the exception of two, were killed 
in from two to eight months after inoculation. In none of the 
animals could any infection of the skin or mucous membranes 
be found. Induration at the point of inoculation was noticed 
in only one, and it disappeared eighteen days after the inoculation. 
In all of the animals characteristic pathological changes were found 
in the heart, lungs, liver, and kidneys. The authors believe that 
the syphilitic virus in animals, like in man, acts upon the blood- 
vessels, only that in animals the morbid changes take place in 
other organs. In animals the vessels of the skin remain exempt, 
while the vessels in the heart, lungs, liver, and kidneys are diseased. 
Quite frequently the vessels of the brain were also found diseased, 
but very seldom the vessels of the intestines. Syphilitic gummata 
were also found less frequently than in man. The authors claim 
that the microbes live in the circulating blood, and they found 
them in great abundance in the affected tissue, in which they 
appeared to have only a limited existence. They believe that 
syphilis becomes latent as soon as the cocci cease to grow. 

From the above extracts of the current literature on the etiology 
of syphilis, it can be seen that different microbes have been found 
in the blood and tissue lesions of patients suffering from syphilis, 
and that the discoverers of each of them claimed to have found the 
microbic cause of syphilis. So far, no uniform results have been 
obtained, and it must be left for future research to discover a new 
microbe, or to substantiate some one of the claims made in the past. 
This much we can say for Lustgarten, that he has at least pointed 
out the proper method for future investigations. 

The Bacillus of Smegma. 

Soon after the publication of Lustgarten's second paper, Tavel 
(Archiv de physiol. et path., No. 7, 1885) announced that he had 
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found a bacillus in the smegma and secretions of the mucous mem- 
branes of the external genital organs, which in shape and, its reac- 
tion to staining material proved identical with the bacillus described 
by Lustgarten. Klemperer, from his own observations, came also 
to the conclusion that the smegma bacillus resembled Lustgarten's 
bacillus, that their identity appeared more than probable. Both 
Tavel and Klemperer mention as a distinguishing feature between 
the smegma bacillus and the bacillus of tuberculosis, that the 
former is completely decolorized by washing the dried and stained 
preparation for a minute and a half in a 33J per cent, solution of 
nitric acid, and afterward for half a minute in absolute alcohol. In 
specimens thus treated, the bacilli disappear, while the tubercle 
bacilli similarly treated remain deeply stained. 

In September, 1885, Doutrelepont published his observations on 
the smegma bacillus, wherein he corroborates Tavel's observations 
(Tavel's " Zur Geschichte der Smegmabacillen," Oentralblatt f. 
Bact. u. Parasitenkunde, B. i., No. 23). 

Secondary Infection of Syphilitic Lesions vrith Pus microbes. 

Kassowitz and Hochsinger (" Ueber einen Mikro-organismus in 
den Gewheben hereditar syphil. Kinder," Wiener med. Blatter, 
B. ix., 1886) reported during the early part of the year 1886 that 
they had found, by means of a modification of Gram's method of 
staining, a chain coccus in the contents of pemphigus bullse, the 
bones, liver, pancreas, lungs, and thymus gland of five syphilitic 
children who had died soon after birth. The microbes were found 
within the vessels and the paravascular spaces ; the finer capillaries 
were sometimes seen to be completely filled with them. The cocci 
were found in close contact with the red blood-corpuscles, but 
never in their interior, or within other cells. They were only 
found in organs in which syphilitic lesions could be detected by 
naked-eye appearances, or by microscopical examination, and could 
never be found in the same places in non-syphditic children. 
From the streptococcus of erysipelas these microbes differed as 
they were found either within or in the immediate vicinity ot 
bloodvessels, and from the streptococcus pyogenes in that they did 
not cause suppuration. The authors do not claim that this microbe 
is the cause of syphilis, but look upon this discovery as an import- 
ant episode in the study of syphilis. U-U.O,, 

Kolisko has examined the bodies of numerous syphilitic children 
who died one or two days after birth, and was unable to find this 
streptococcus or any other microorganism. In one case in which 
the child lived for fourteen days, and had suffered from furunculo- 
sis he found a streptococcus which he took for the streptococcus 
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pyogenes. He believed that this microbe had entered the body 
through an open pemphigus blister, the umbilicus, or had been 
derived from the furuncles. In another case in which he found 
the same microorganism in the liver, he obtained a pure culture of 
the streptococcus pyogenes from blood taken from the liver. 

Chotzen {Vierteljahrsschrift f. Derm. u. Syphilis, 1887, S. 109) 
states that in searching for the same microbe, in Neisser's clinique, 
it was found once in bone, five times in the skin, four times in the 
liver, once in the mucous membrane of the intestine ; in the last- 
mentioned organ the microbe was found in great abundance, not in 
the vessels, but in the paravascular and lymph spaces. In bone it 
was found where syphilitic lesions are usually met with. As the 
result of his observations he looks upon the streptococcus only as 
an accidental, and not as an essential, condition of hereditary syph- 
ilis. In cases of acquired syphilis it was never found. As this 
streptococcus must be different from the microbe of erysipelas and 
of suppuration, it still remains an open question as to its relation 
to syphilitic infection. From a hypothetical standpoint he regards 
the presence of the streptococcus as an evidence of a mixed infec- 
tion, and believes that it produces death by giving rise to sepsis. 
The presence of the coccus in the medullary tissue of the epiphy- 
seal extremities of the long bones would furnish an explanation 
regarding the frequency with which lesions are found here in chil- 
dren suffering from hereditary syphilis. As points of entrance of 
the streptococcus he enumerates coryza and inflammation of the 
naso-pharyngeal space. 

Doutrelepont (" Streptokokken und Bacillen bei hereditarer Syph- 
ilis," Centralblatt f. Bad,, u. Parasitenkunde, B. ii.. No. 13) agrees 
with Chotzen in regard to the character and etiological significance 
of the streptococcus found in children suffering from congenital 
syphilis. He has found it in the papular eruptions of the skin, 
and believes that it enters the lymph spaces here, and through these 
channels reaches the general circulation and distant organs. The 
frequency with which suppuration in bones and other organs is met 
with in children soon after birth, and sometimes in utero, would 
suggest that the secondary infection results from the introduction, 
sometimes through the maternal circulation, at others through 
lesions after birth of pus microbes, which become localized in 
organs the seat of syphilitic lesions, where, in the course of time, 
suppuration takes place. The presence of an abundance of pus 
microbes may destroy life by sepsis before a sufficient length of 
time has elapsed for them to manifest their specific pathogenic 
properties on the tissues. 



CHAPTEE XXIII. 

ON THE ALLEGED MICROBIO OEIGIN OF TUMOKS. 

Small, round-celled sarcoma resembles in its histological struc- 
ture granulomata so closely that under the microscope it would be 
impossible to make a positive differential diagnosis -between the 
two ; at the same time all malignant tumors in their clinical be- 
havior have so many things in common with infective swellings 
that it does not appear strange that the microbic nature of sarcoma 
and carcinoma has been suspected for a long time, and that during 
the recent strides which the modern science of bacteriology has 
made, this subject has been studied by the most improved methods 
of investigation. 

The veteran surgeon and pathologist, Sir James Paget [Lancet, 
1887, JSTo. 19), not long ago called attention to the resemblance 
existing between cancer and benign tumors on the one hand, and 
specific and micro-parasitic affections on the other. He believes 
that cancer is allied to the group of specific microbic diseases, 
including syphilis, tuberculosis, glanders, leprosy, and actinomyco- 
sis. He claims that cancer and these specific infective diseases con- 
stitute a group of growths which are self-sustaining, have special 
modes of degeneration and of ulceration, to which they all tend ; 
are all, at some time, either infective to tissues at a distance by 
transportation of parts of the growth through lymphatics or blood- 
vessels, or to adjacent parts by invasion, or to other beings by inoc- 
ulation ; and finally they all occur by preference in tissues or organs 
the subject of local injury or irritation. He is strongly inclined to 
the supposition that, like in the infective inflammatory affections, 
the cause of cancer is owing to the presence of a specific microbe. 
As the essential predisposing cause for the localization of the as 
yet unknown cancer microbe he regards the existence of a suscepti- 
bility in some part of the organism which determines localization 
in the same manner as is furnished by the brain in hydrophobia 
and spinal cord in tetanus. 

Microorganisms have been found in the tissues of superficial car- 
cinoma and in secondary carcinoma of internal organs, but even 
Afanasieff, who studied this subject with the greatest care in Klebs's 
laboratory, at Prague many years ago, was unable to find them in 
the minute miliary nodules of disseminated carcinoma. Weigert 
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found bacilli which behaved on staining like tubercle bacilli in 
rapidly growing lympho-sarcoma, and Klebs in leukaemic lympho- 
mata. 

In the fall of 1887, Scheuerlen [Deuische med. Wochensohrift, 1887, 
No. 48) read a paper before the Medical Society at Berlin which at the 
time attracted a great deal of attention, and which was immediately 
noticed by every medical journal on both continents. In this paper 
he put forth the cla.im that he had discovered the microbe of carci- 
noma. From ten cases of carcinoma of the breast he had made 
inoculations upon solid sterilized ascites and hydrocele fluid. Usu- 
ally on the third day a growth, in the form of a colorless film, was 
seen on the surface of the serum, which later changed into a yellow- 
ish-brown color. On microscopic examination it was found that 
this culture was composed of short bacilli, with spores which could 
be readily stained with the ordinary reagents. These bacilli could 
not be seen in stained sections, but could be demonstrated in fresh 
cancer juice. Six bitches were inoculated by injecting material 
from the pure cultures directly into the posterior breast gland, and 
fourteen days later a circumscribed tumor the size of a walnut had 
formed at the point of inoculation. In the animals killed four 
weeks after inoculation the tumors examined under the microscope 
were seen to be composed of epithelial cells, in which the spores of 
the bacilli could be readily identified. 

In the discussion which followed the reading of this paper, Gutt- 
manu agreed with the author that the bacilli were the cause of can- 
cer. Frankel thought that the microbes entered the tumor and 
their presence only indicated that the tumor tissue had determined 
localization of floating microbes. In the same journal Schill, of 
Dresden, states that he has found in cancerous and sarcomatous 
tissues rod-shaped microbes which he succeeded in cultivating on 
gelatine. 

Freire claims priority in the discovery of the microbe of carci- 
noma. Perrin and Barnahei and Sanarelli, both of Siena, have 
also found a bacillus in connection with the etiolosrv of malignant 
growths. ^ 

Ballance and Shattock (British Med. Journal, Oct. 29, 1887) 
inade cultivations from twenty-two cases of carcinoma, the majority 
of which only yielded negative results. When a growth did occur 
the organisms were the same as those described and figured by 
various observers as occurring in healthy tissues. 

Francke's (" Ueber Aetiologie und Diagnose von Sarkom und 
Caranom," Munoh. med. Woohemehrift, 1887) experiments began 
in November, 1887, and he had already seen and demonstrated the 
^cillus of sarcoma when Scheuerlen's discovery was announced. 
Francke has examined nine cancers since then, and in all has 
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observed the carcinoma bacillus and its spores as described by 
bcheuerlen His observations on the bacillus of sarcoma were 
based on the examination of three cases. 

The bacillus found in them was thinner and longer than the can- 
cer-bacillus. The cancer-bacillus, on the average, is 2 micromilli- 
metres long, and 0.4 micromillimetre broad, while the sarcoma 
bacillus measures 3 to 4 by 0.4 micromillimetres. The spores of 
the sarcoma bacillus also resemble the spores of the cancer-bacillus, 
except that they are a little larger and have a sharply-contoured 
pole. The two microbes were cultivated upon the same nutrient 
soil, producing a brown pigment. Inoculations of the pure culture 
of the sarcoma bacillus have produced no results as yet, but Francke 
thinks that four weeks is too short a time for sarcoma to develop, 
and he will make another report later. Pfeiffer (" Der Scheuer- 
len'sche Krebs-bacillus ein Saprophyt," Deutsche med. Woohenschrift, 
1888, No. 11) holds that Scheuerlen's carcinoma bacillus is a sapro- 
phyte and identical with the proteus viirabilis of Hauser. 

Baumgarten ("Ueber Scheuerlen's Carcinom-bacillus," Central- 
blatt /. Bacteriologie u. Paradtenhunde, B. iii., No. 13) found a 
potato bacillus which in size and shape resembled Scheuerlen's 
bacillus of cancer, only that it exerted a somewhat liquefying effect 
on gelatine. He found a similar bacillus in a sarcoma of the skull 
and breast and in a neuroma of the hand. That Scheuerlen's 
bacillus has no direct etiological bearing to cancer, he claims is 
proved both by its occurrence in other tumors, and that it is not 
always present in carcinoma. He believes that it is a potato bacil- 
lus which has a wide distribution and consequently likely to con- 
taminate culture media. 

Senger ("Studien zur Aetiologie des Carcinoms," Berl. hlin. 
Woohenschrift, 1888), in comparing malignant tumors with infec- 
tive processes, affirms that their resemblance is marked. Thus 
carcinoma, like a phlegmonous inflammation, follows the lyniphatic 
system, and, as in pyaemia, gives rise to metastasis. Again, in rare 
cases, carcinoma appears as a miliary affection, which in a very 
short time becomes diffuse and leads to serious disturbances of the 
digestive and circulatory organs. Such cases can only be explained 
by assuming that minute infective particles are introduced into the 
circulation which give rise to innumerable embolic obstructions in 
the capillary vessels where independent centres of growth are estab- 
lished. As a last resemblance may be mentioned those numerous 
cases of tar, paraffin, and chimney-sweeper's cancer, which often 
attack young persons in whom no predisposition to cancer exists. 
Senger does not believe that the cause of cancer is a microbe. 
Under strict antiseptic precautions, he made implantation experi- 
ments of carcinoma tissue in mice, rabbits, and dogs, and on exam- 
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ining the site of implantation at diiferent times noticed that the 
malignant graft was in process of absorption, or had disappeared 
completely, leaving only a minute cicatrix at the point where it had 
been embedded. The experiments yielded no better results if the 
animals were subjected to starvation before inoculation, or if their 
health was impaired from any other cause. 

Thoma {Fortschritte der Medmn, June 1, 1889) has found in the 
muscles of carcinoma of rectum, stomach, and mamma, small, uni- 
cellular protoplasmic cells, refracting light strongly, with nucleus 
and sometimes a nucleolus also, which stain with hsematoxylin, 
eosin, saffron, and alum carmine, which he considers undoubtedly 
parasitic. In shape they are irregularly rounded, or, more com- 
monly, oval ; occur singly or in groups of from four to six in an 
epithelial nucleus which appears as a hollow bladder with granular 
portions besides the parasites. In birds epithelial tumors are pro- 
duced by similar bodies, hence inference that they are the cause. 
This is questionable, because Steinhaus and Heidenhain have found 
similar organisms in the epithelial lining of the salamander's bowel 
without any pathological significance. 

At the meeting of the German Congress of Surgeons in 1888, 
Hahn (" Ueber Transplantation von carcinomatoser Haut," Berl. klin. 
WochensGhrift, May 4, 1888) gave an account of a successful experi- 
ment which he had made on a woman suffering from a recurring 
carcinoma of the breast which had advanced beyond the reach of 
operative treatment. The breast had been previously extirpated 
and she was now suffering from an extensive local recurrence with 
innumerable nodules in the skin. He removed six small nodules 
with the entire thickness of the skin, and then planted them upon 
the opposite healthy breast, from which six similar pieces of skin 
had been removed. The healthy skin was grafted upon the places 
where the nodules had been excised. The dressing was not 
changed until the thirteenth day, when all the malignant grafts 
were found adherent and slightly elevated above the niveau of the 
surrounding skin. Four weeks after the grafting minute nodules 
were found around two of the grafts. All the grafts continued to 
increase in size, and at the time of death (ten weeks) had attained 
the size of cherry-stones. Microscopical examination of the nodules 
surrounding three of the grafts revealed the histological structure 
of true carcinoma. He believed that the success which attended 
his experiment was due to the fact that only new cells were taken 
by the excision and implantation of recent nodules. In referring 
to the literature on the subject of cancer inoculations, he states that 
the first successful inoculation was made by Langenbeck, who in- 
jected cancer juice into the jugular vein of a dog, and two months 
later it was claimed that two cancerous nodules were found in the 



ALLEGED MICROBIO ORIGIN OF TUMORS. 253 

lung. Folllu and Lebert asserted that they had been similarly 
successful in transmitting the disease from man to animals. From 
sixty to seventy grammes of finely triturated cancer juice taken 
from a cancer of the breast were mixed with distilled water and 
injected into the jugular vein of a dog. The animal died two 
weeks after the inoculation, when a few firm elastic nodules, the 
size of a pea, were found in the walls of the heart, and numerous 
nodules, the size of the head of a pin, throughout the liver. Bill- 
roth, Maas, Doutrelepont, Alberts, Senger, and others obtained 
only negative results. Doutrelepont made inoculations from ani- 
mal to animal with no better effect. In cases of cancer of the peri- 
toneum it has been known for a long time that local dissemination 
takes place by detached minute particles leaving the primary matrix 
and becoming implanted upon the peritoneal surface forming new 
independent centres of growth. Implantation of cancer cells upon 
the surface of wounds made for the removal of a carcinoma has been 
recognized as one of the ways in which the disease returns. Trau- 
matic dissemination of carcinoma is recognized by Billroth, Wal- 
deyer, Bergmann, Reineke, and others. 

At a meeting of the Medical Society in Ziirich, Hanau [British 
Med. Journal, October 19, 1889) claimed that he had succeeded in 
inoculating carcinoma from rat to rat. On November 28, 1888, 
he excised two pieces of a carcinomatous lymphatic gland from a 
female rat with malignant disease of the vulva, and transplanted 
these into the right half of the scrotum in two male rats. One of 
the latter died on January 14, 1889. The necropsy revealed a 
generalized carcinosis of the peritoneum and omentum. In the 
other, which was killed on January 25th, there were found two 
typical cancroid nodules, the size of a pea, on the gubernaculum 
testis and the cauda of the epididymis. The transplanted malig- 
nant growths proved to have precisely the same structure as those 
which had spontaneously originated in the first animal. According 
to Hanau's theory, the carcinomatous infection should be attributed 
to the agency of youug epithelial cells and not to any pathogenic 
microbe. This theory would explain satisfactorily the few instances 
where transplantation of malignant grafts yielded a positive result. 

During the last eight years I have made numerous implantation 
experiments of carcinoma and sarcoma tissue in dogs cats, rabbits 
and guinea-pigs, and have invariably observed that the graft failed 
to increase in size. The apparent increase in size a few days alter 
implantation was due to the formation of a wall of gramilation 
tissue around the graft in which it becomes _ embedded. The ex- 
periments were made by taking a graft the size of a pea from the 
periphery of the malignant tumor and inserting it under the skin 
Siy in the inguinal region. After three to four weeks without 
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exception the graft was found absorbed and its place occupied by a 
subcutaneous cicatrix. At least twenty-four such experiments were 
made with the same uniform negative results. The comparative 
rarity of malignant tumors in animals made it difficult ^r me to 
carry out the plan of inoculating from animal to animal, i iinaJly 
came in possession of a dog which had a sarcoma of the lower jaw. 
Implantation experiments were made on the same animal and a 
number of other dogs, but in all of them the grafts were absorbed 
as promptly as when tumor tissue from the human subject was 
used. I finally decided ou making an implantation experiment on 
man in the first case in which such an experiment would be justi- 
fiable from the hopelessness of the case. The case that I selected 
was a large carcinoma of the leg which had taken its origin from 
the skin and in which amputation was objected to. The fungous 
surface was scraped and cauterized and from the deepest portion of 
the growth a piece of tissue, the size of a peach-stone, was inserted 
through a small incision into the connective tissue over the poste- 
rior aspect of the leg and the wound sutured with fine catgut. 
Primary union took place, with circumscribed infiltration of tissue 
around the graft from the second day to the end of the first week. 
After this time gradual disappearance of the graft by absorption 
occurred, until, at the end of four weeks, it had entirely disappeared. 
At the meeting of the German Congress of Surgeons in 1889, Wehr 
("Weitere Mittheilungen liber die positiven Ergebnisse der Carcinom- 
ueberimpfungeu von Hund auf Hund") admitted that in the animals 
which he showed at the previous meeting the nodules had since be- 
come smaller and smaller and finally disappeared completely ; but 
he made the statement that since that time he had not only been 
able to inoculate a dog successfully by implantation of carcinomatous 
tissue, but that, in one instance at least, the animal died of carci- 
noma. His transplantations were made from animal to animal. 
He infected twenty-six dogs, using tissue from five bitches affected 
with vaginal carcinoma and two dogs suffering from carcinoma of 
the penis. Under strict antiseptic precautions a small incision was 
made in the skin, and then a trocar was inserted to the depth of 
three or four cm., and through the canula the fragment of cancer 
tissue was deeply embedded. Six of the animals had to be killed 
three and four weeks after the inoculation, because they had been 
bitten by a dog which was supposed to have hydrophobia. In the 
remaining animals he obtained twenty- four nodules, five of which 
were examined at a time when possibly they might have continued 
to increase in size, while the remaining nodules were all absorbed. 
In a bitch which was inoculated December 12, 1887, in four places 
in the region of the mammary gland, the nodules increased in size 
until they were as large as a plum or hazelnut. In April of the 
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folIowiDg year the tissues arouud the tumors became the ..nt nf 
inflammatiou, which, however, soon subsided. Te tumoifi; 

and died the middle of the same month. The autopsy showed 

Z^S:%T1 " *'' ff^'V^'' ^1°"S- ^he lumtrTortTof 
tmWtL fT^ 1 T7 '" '^r P^'^^^ ^^^ compresed the urethra so 
caTse of death T ' ^'^P^"'^^^-^" ^^cident which was the direct 
oW Ml! . u carc>°omatous nodules were also found in the 

Z.f.V A ^-^^ ."^,^''"g ^ '^"^^ «f bacteriological studies 

on malignant tumors in the laboratory of Kovacs, but, so far, only 
negative evidence has been obtained. > > h ""ly 

Galippe and Landouzy (" Note sur la presence de parasites : 1 
dansles tumeurs fibreuses (myomes) uterines; 2, dans le liquide 
des kystes ovariens et sur leur role pathogenique probable," (?a^. 
des Hop 1887, No. 24) have extended the bacteriological investi- 
gations of the microbic origin of tumors to the benign variety. In 
two cases of extirpation of myomatous tumors of the uterus they 
inoculated a nutrient medium with the tumor tissue, and three days 
later found numerous microorganisms ; the most conspicuous was 
a diplococcus arranged in groups, or in long chains ; also strepto- 
cocci and bacilli. The same microbes were found in both tumors. 
The same authors also found microorganisms in the contents of two 
ovarian cysts. They believe that solid and cystic tumors develop 
in consequence of the entrance of microbes into the organism in the 
same manner as parasites cause excrescences in plants. 

In 1888 'SeissQV {Vierteljahrssohrift fur Dermatologieund Syphilis, 
1888) published an elaborate paper on the microbic origin of tumors 
containing the results of his own observations, in which he places 
the parasite in the coccidia groups of the sporozoa. 

The following year Darier {Arohiv de MSd. ExpSrimentale et 
d'Anatomie Fathologique, March 1, 1890) made two reports of the 
result of his work in Malassez's laboratory. In the first of these 
he intimated the recognition of a coccidium in a case of acnS oornee, 
and defines the condition as & psorospermose cutanSe; in the second 
he announced that he had found a parasite belonging to the same 
class in a case of Paget's disease of the nipple. He claims that this 
parasite presents all the different morphological phases of develop- 
ment characteristic of this organism ; at first a naked mass of pro- 
toplasm, afterward surrounded by an envelope, then the protoplasm 
dividing into numerous granules, which being surrounded by the 
cell-membrane, presents the appearance of a cyst. He regards the 
disease in which these formations are formed as parasitic, a psoro- 
spermose. The same year Albarran (La Semaine MSdicale, 1889, 
p. 101) informed the society that he had found a similar parasite in 
two epithelial tumors of the jaw. 
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About the same time Thoma {Fortschritte der Medioin, June 1, 
1889) published a short paper on "A Characteristic Parasitic 
Organism in the Cells of Carcinoma." He describes the parasite 
which he found in malignant growths as a unicellular organism, 
consisting of protoplasm and a nucleus, with sometimes a nucleolus. 
In shape it is round or oval, and he found it most frequently in the 
vacuolated nucleus, in other cases near the nucleus. „ , . 

In January 1890, Wickham (Archives de MSdeeme Expen- 
mentale et d'Anatomie Pathologique, 1890, p. 46) published an 
exhaustive paper on " The Pathological Anatomy and the INature 
of Paget's Disease of the Nipple," in which he describes and figures 
a parasite which he regards as coocidia or psorospermise.^ 

This parasite consists of a double-contoured capsule eitherfiUed 
with protoplasm, or the protoplasm is gatiiered into a mass in the 
centre. As the sporozoa reproduce themselves by the formation of 
spores, the author does not appear to have observed this process in 
connection with the organism which he described. 

During the last year Klebs {Deutsche med. Wochenschrift, Nos. 
24, 25, 28, 1890) published a series of papers on " The Nature and 
Diagnosis of Cancer-formation," in which he discusses, with his 
usual ability and thoroughness, the microbic origin of carcinoma. 
He describes hyaline bodies in carcinoma tissue, which, however, he 
regards as products of degenerative changes. He met with these 
bodies, presenting either an angular or rounded form in the prolifer- 
ating epithelial tubes, and also, but less numerously, in the stroma. 

Sjobring {Fortsohritte der Medicin, No. 14, 1890) describes a 
" Parasitic Protozoa-like Organism in Carcinoma," which he found 
in six cases of mammary carcinoma. 

The most recent publication on this subject is from the pen of 
William Russel, of Edinburgh ("An Address on a Characteristic 
Organism of Cancer," British Medical Journal, December 13, 1890). 
He has found in carcinoma tissue and a few other pathological pro- 
ducts certain bodies, which for want of reliable knowledge concern- 
ing their nature and on account of their specific reaction to certain 
staining materials, he calls " fuchsine bodies." The following are 
his directions for staining : " 1. Saturated solution of fuchsine in 2 
per cent, carbolic acid in water. 2. 1 per cent, solution of iodine- 
green (Griiber's), in 2 per cent, carbolic acid in water. Place sec- 
tion in water ; then stain in fuchsine ten minutes or longer ; wash 
for a few minutes in water ; then wash for half a minute in absolute 
alcohol. From this put the section into the solution of iodine- 
green, and allow it to remain well spread out fov five minutes. From 
this rapidly dehydrate in absolute alcohol, pass through oil of cloves 
and mount in balsam. Tissues stained by this process containing 
the "fuchsine bodies" presented a characteristic and striking ap- 
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Fig. 9. 
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A, mass of fungi : B, individual giving off bud ; C, «ame, with bud furtlier removed 
from parent but still attached; D, four individuals attached to one another; F, small 
spores in lymph cells and leucocyte; G-, altered leucocyte containing spore. 
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pearance when examined under high power and with the assistance 
of Abbe's sub-stage condenser. The brilhant red or purphsh-red 
color of the " fuchsine bodies" forms a striking contrast to the 
sreen and delicate purple of the tissues. He found these bodies 
grouped in the interior of cells, usually surrounded by a vacuole. 

Their intra-cellular location and manner of reproduction is well 
shown by the accompanying illustration (Fig. 9). He found these 
bodies invariably present in forty-five specimens of carcinoma taken 
from so many different individuals. He regards the organism 
described as a species of fungus which belongs to the sprouting 
fungi (Sprosspilze of Nageli), and believes that a direct etiological 
relationship exists between it and the development of a carcinoma. 

At a meeting of the Royal Academy of Medicine in Ireland, 
Patterson {British Medical Journal, Becemher 6, 1890) read apaper 
on psorospermosis and its relation to cutaneous carcinoma in the 
light of recent researches, illustrated by drawings and microscopic 
specimens exhibiting coccidia in proliferating epithelium. In the 
discussion McKee, while admitting that coccidia might ultimately 
be shown to be the cause, or at least one cause, of cutaneous and 
perhaps other forms of carcinoma, led to the inference that the im- 
perfect knowledge available at present rather pointed against than 
in favor of this view. He maintained that Paget's disease of the 
nipple resembled eczema, and was apparently inflammatory, yet the 
same form of coccidium found in it was also credited with the pro- 
duction of the malignant tumor of the breast which sometimes fol- 
lowed it. He thought it more probable that Paget's disease simply 
acted as one of many irritants, any one of which might give rise 
to a malignant tumor in a part already predisposed to it. 

The strongest proof against the microbic nature of carcinoma 
is the histological structure of all products of infective processes. 
The products of all diseases, so far as known, which are caused by 
microbes and are characterized by local inflammatory processes, 
consist primarily of granulation tissue. The new tissue surround- 
ing the seat of infection is a homoplastic product which originates 
from preexisting tissues. So far, we have no knowledge of a 
microbe which produces heteroplastic tissue proliferation ; that is, 
the production of cells which do not preexist in that locality. 
Many of the lymphomata undoubtedly owe their origin to specific 
microbes, but these are not true tumors, and should be classified 
with the inflammatory infective swellings — the granulomata. 

There has been, so far, no proof furnished of the existence of a 
specific bacillus in carcinoma or sarcoma, and the inoculation and 
implantation experiments have proved so seldom successful, and 
the experiments which at first appeared successful, have later 
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been shown to be so deceptive, that the microbic origin of malignant 
tumors has not only not been established, but rendered improbable. 
The analogy between tumors and infective processes is more appa- 
rent than real, and simply consists in the fact that the cells of the 
former endowed with all the properties of independent growth 
select the same routes for local and general dissemination as the 
microbes of the latter. 
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OF THE CHEST, AND THE DIAGNOSIS OF DISEASES AFFECTING 
THE RESPIRATORY ORGANS. Second and revised edition. In one octavo vol- 
ume of 591 pages. Cloth, |4.50. 

MEDICAL ESSAYS. In one 12mo. volume of 210 pages. Cloth, |1.38. 
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A.M., M.D. In one handsome octavo volume of 832 pages, with 507 engravings. 
Cloth, $5.50; leather, $6.50. 
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HARE (HOBART AMORY), Editor. A SYSTEM OF PRACTICAL THERA- 
PEUTICS. By American and Foreign Authors. In a series of contributions by eim- 
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HOLDEN (LUTHER). LANDMARKS, MEDICAL AND SUBOICAL. From 
the third English edition. With additions by W. W. Keen, M.D. In one royal 12mo. 
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preparation. Per volume, cloth, $5 ; leather, |6 ; half Morocco, $7. For sale by subscription 
only. Full prospectus free on application to the Publishers. 

LUDLOW rJ. L.). A MANUAL OF EXAMINATIONS UPON ANATOMY, 
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PARK (ROSWELL), Editor. A TBEATISE ON SUB6EBY, by American Authors. 
For Students and Practitioners of Surgery and Medicine. In two magnificent octavo 
volumes. Vol. I., General Surgery, 799 pages, with 356 engravings and 21 full-page plates 
in colors and monochrome. Vol. II., SpecM Surgery, 796 pages, with 451 engravings 
and 17 full-page plates in colors and monochrome. Complete work just ready. Price per 
volume, cloth, $4.50; leather, $5.50. Net. 

PARRY (JOHN S.). EXTBA-UTEBINE PBEGNANCY, ITS CLINICAL 
HISTOBY, DIAGNOSIS, PBOGNOSIS AND TBEATMENT. In one octavo 
volume of 272 pages. Cloth, $2.50. 

PARVIN (THEOPHILUS). THE SCIENCE AND ART OF 0B8TETBICS. 
Third edition. In one handsome octavo volume of 677 pages, with 267 engravmgs and 
2 colored plates. Cloth, $4.25 ; leather, $5.25. 

PAVY (F W ) A TBEATISE ON THE FUNCTION OF DIGESTION, ITS 
DISOBDEBS AND THEIR TREATMENT. From the second London edition. 
In one 8vo. volume of 238 pages. Cloth, $2. 

PAYNE (JOSEPH FRANK). A MANUAL OF GENERAL PATHOLOGY. 
Designed as an Introduction to the Practice of Medicine. In one octavo volume of 524 
pages, with 153 engravings and 1 colored plate. 

PEPPER'S SYSTEM OF MEDICINE. See page 2. 

PEPPER (A. J.). SURGICAL PATHOLOGY. In one 12mo volume of 511 pages, 
Irtth 81 engravings. Cloth, $2. See Student^ Series of Manmds, page 14. 

PTCK (T PICKERING) FBA'CTUBES AND DISLOCATIONS. In one 12mo. 
vo^e of 5307agS:wirh 93 engravings. Cloth, $2. See Series of Clinicai Many^s, p. 13, 

PIRRIE (WILLIAM). THE PBINOIPLES AND PBACTIGEOF SUBGEBY. 

In one octavo volume of 780 pages, with 316 engravings. Cloth, $3.75. 
■DT AVT-ATT? rw q 1 A TBEATISE ON THE SCIENCE AND PBAOTICE 
^^OFmm^^EB^: 4thlm1r1can from the eighth English edition. Edited, with 
• additiWby E. P: HABBis, M.D. In one octavo volume of 697 pages, with 217 engrav- 
ings and 5 plates. Cloth, $4; leather, $5. 

: rpsE SYSTEMATIC TBEATMENT OF NEBVE PBOSTBATION AND 

HYSTEBIA. In one 12mo. volume of 97 pages. Cloth, |1. 
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POLITZEE (ADAM). A TEXT-BOOK OF THE DISEASES OF THE EAR 
AND ADJACENT ORGANS. Second American from the third German edition. 
Translated by Osoae Dodd, M.D , and edited by Sir William Dalby, P.E.C.S. In 
one octavo volume of 748 pages, with 330 original engravings. Cloth, |5.50. 

POWER (HENRY). HUMAN PHYSIOLOGY. Second edition. In one 12mo. 
volume of 396 pages, with 47 engravings. Cloth, $1.50. See Students Series of Mamuds, 
page 14. 

PURDY (CHARLES W.). BRIGHT' 8 DISEASE AND ALLIED AFFEC- 
TIONS OF THE KIDNEY. In one octavo volume of 288 pages, with 18 engrav- 
ings. Cloth, $2. 

PYE-SMITH (PHILIP H.). DISEASES OF THE SKIN. In one 12mo. volume 
of 407 pages, with 28 illustrations, 18 of which are colored. Cloth, |2. 

QUIZ SERIES. See Students Quiz Series, page 14. 

RALFE (CHARLES H.). CLINICAL CHEMISTRY. In one 12mo. volume of 
314 pages, with 16 engravings. Cloth, |1.50. See Students' Series of Manuals, page 14. 

RAMSBOTHAM (FRANCIS H.). THE PRINCIPLES AND PRACTICE OF 
OBSTETRIC MEDICINE AND SURGERY. In one imperial octavo volume of 
640 pages, with 64 plates and numerous engravings in the text. Strongly bound in 
leather, $7. 

REICHERT (EDWARD T.). A TEXT-BOOK ON PHYSIOLOGY. In one 
handsome octavo volume of about 800 pages, richly illustrated. Preparing. 

REMSEN (IRA). THE PRINCIPLES OF THEORETICAL CHEMISTRY. 
New (5th) edition, thoroughly revised. In one 12mo. volume of 326 pages. Cloth, |2. 
Jttsi ready. 

REYNOLDS (J. RUSSELL). A SYSTEM OF MEDICINE. Edited, with notes 
and additions, by Hbney Haetshobne, M.D. In three large 8vo. volumes, containing 
3056 closely printed double-columned pages, with 317 engravings. Per volume, cloth, |5 ; 
leather, $6. For sale by subscription only. 

RICHARDSON (BENJAMIN WARD). PREVENTIVE MEDICINE. In one 
octavo volume of 729 pages. Cloth, |4; leather, |5. 

ROBERTS (JOHN B.). THE PRINCIPLES AND PRACTICE OF MODERN 
SURGERY. In one octavo volume of 780 pages, with 501 engravings. Cloth, $4.50: 
leather, $5.50. so , ■.' , 

THE COMPEND OF ANATOMY. For use in the Dissecting Eoom and in 

preparing for Examinations. In one 16mo. volume of 196 pages. Limp cloth, 75 cents. 

ROBERTS (SIR WILLIAM). A PRACTICAL TREATISE ON URINARY 
AND RENAL DISEASES, INCLUDING URINARY DEPOSITS. Fourth 
American from the fourth London edition. In one very handsome 8vo. volume of 609 
pages, with 81 illustrations. Cloth, $3.50. 

ROBERTSON (J. McGREGOR). PHYSIOLOGICAL PHYSICS. In one 12mo. 
volume of 537 pages, with 219 engravings, Cloth, |2. See Students' Series of Manuals, 
page 14. ' 

ROSS (JAMES). A HANDBOOK OF THE DISEASES OF THE NERVOUS 
SYSTEM. In one handsome octavo volume of 726 pages, with 184 engravings. Cloth 
$4.50; leather, $5.50. 

SAVAGE (GEORGE H.). INSANITY AND ALLIED NEUROSES, PRACTI- 
CAL AND CLINICAL. New (2d) and enlarged edition. In one 12mo. volume of 
551 pages, with 18 typical engravings. Cloth, $2. See Series of Clinical Manuals, page 13. 

SCHAFER (EDWARD A.) . THE ESSENTIALS OF HISTOL OGY, DESCRIP- 
TIVE AND PRACTICAL. For the use of Students. New (4th) edition. In one 
handsome octavo volume of 311 pages, with 325 illustrations. Cloth, $3. 

A COURSE OF PRACTICAL HISTOLOGY. New (2d) edition. In one 

12mo. volume of 307 pages, with 59 engravings. Cloth, $2.25. Just ready. 
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^^P^JT^ AND ZUMPT'S CLASSICAL SPPTP«s 

Vmnfr Awi. ^S.'^"*" ' ^"^^ ^°™d, 70 cents. 
nrT^mhro °^°*'i' 85 cents ; half bound, $1. 
OUBTIUS. Cloth, 80 cents ; half bouAd, 90 cents. 

^^PiVT-^^H (-^^fJ^ED T.). ELEMENTARY PHYSIOLOGY FOR ^TTT 
Cl5S '° '''' '"^''- '°'^^' °^ 380 pages, with 227 engravingTandlcoS pE 

of about 425 pages, with about 120 engravTn^lnd 2 coli^pS '" °"' ''"°- ^°'- 

SENN (NICHOLAS). SURGICAL BACTERIOLOGY. Second edition Tn n.» 

ClotI?$f "^^ °' ''' P"^"' "^'^ '' Pl^'^' ^<^ °' which arrcolored:lnd''9Tngi-aving°' 

SERIES OF CLimCAL MANUALS. A Series of Authoritative Monographs on 
^r^^'.^'T"^^ ^''^^"'*'' ^° ^2mo^olumes.of about 550 pages, weU il ustrated^ The 
following volumes are now ready: Beoadbent on the Pulse, |i. 75; Yeo on Pood in 
Health and Disease, new (2d) edition, |2.50; Caeteb and FBOsi's OphthahiSc Surgery 
|2.2o; Hutchinson on Syphilis, $2.25 ; Maesh on Diseases of the Joints, |2 mS 
^J^Ti^.'""'' V^A^^.?^' ^'^^S; Owen on Surgical Diseases of Chiid^n, $2 ; 
Pick on I^actures and Dislocations, $2; Butlin on the Tongue, |3.50: Savage on 
Insamty and Allied Neuroses, |2 ; and Tbbves on Intestinal Obstruction, $2 
11 or separate notices, see under vai-ious authors' names. 

SERIES OF STUDENTS' MANUALS. See next page. 

^^NB(^H%}^L M-TJh'hT^^^^ mAGNOSIS, SY MICROSCOPICAL 
AJSJJ LMJiMIOAL METMOBS. In one handsome octavo volume of 504 pages with 
ld2 engravings and 10 full-page plates in colors and monochrome. Cloth, $3.50. ' 

^W°w^"^-^- • ^^^^^L OF CHEMISTR Y. A Guide to Lectm-es and Laboratory 
Work for Beginners in Chemistry. A Text-book specially adapted for Students of Phar- 
macy and Medicine. Fifth edition. In one 8vo. volume of 501 pages, with 44 engrav- 
ings and 8 plates showing colors of 64 tests. Cloth, $3.25. 

SLADE(D. D.). DIPHTHERIA ; ITS NATURE AND TREATMENT. Second 
edition. In one royal 12mo. volume, 158 pages. Cloth, $1.25. 

SMITH (EDWARD). CONSUMPTION; ITS EARLY AND UEMEDIABLE 
STAGES. In one 8vo. volume of 253 pages. Cloth, $2.25. 

SMITH (J. LEWIS). A TREATISE ON THE DISEASES OF INFANCY 
AND Childhood. New (8th) edition, thoroughly revised and rewritten and 
greatly enlarged. In one large 8vo. volume of 983 pages, with 273 illustrations and 

4 full-page plates. Cloth, $4.50 ; leather, $5.50. 

SMITH (STEPHEN). OPERATIVE SURGERY. Second and thoroughly revised 
edition. In one octavo vol. of 892 pages, with 1005 engravings. Cloth, $4; leather, $5. 

SOLLY (S. EDWIN). A HANDS OK OF MEDICAL CLIMATOLOGY. 
In one handsome octavo volume of 462 pages, with engravings and 11 full-page plates, 

5 of which are in colors. Cloth, $4.00. Just ready. 

STILLE (ALFRED). CHOLERA; ITS ORIGIN, HISTORY, CAUSATION, 
SYMPTOMS, LESIONS, PREVENTION AND TREATMENT. In one 12mo. 
volume of 163 pages, with a chart showing routes of previous epidemics. Cloth, $1.25. 

THERAPE UTICS AND MA TERM MEDIC A. Fourth and revised edition 



In two octavo volumes, containing 1936 pages. Cloth, $10; leather, $12. 
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STILLE (ALFRED), MAISCH (JOHN M.) AND CASPAEI (CHAS. JR.). 

THE NATIONAL DISPENSATORY : Containing the Natural History, Chemistry, 
Pharmacy, Actions and Uses of Medicines, including those recogpized in the latest Phar- 
macopoeias of the United States, Great Britian and Germany, with numerous references 
to the French Codex. Fifth edition, revised and enlarged in accordance with and em- 
bracing the new U. 8. Pharmacopoeia, Seventh Decennial Bevision. With Supplement 
containing the new edition of the National FormuUiry. In one magnificent imperial 
octavo volume of 2025 pages, with 320 engravings Cloth, $7.25; leather, $8. With 
ready reference Thumb-letter Index. Cloth, $7.75 ; leather, |8.50. 

STIMSON (LEWIS A.). A MANUAL OF OPERATIVE SURGERY. New 
(3d) edition. In one royal 12mo. volume of 614 pages, with 306 engravings. Jmt ready. 
Cloth, $3.75. 

A TREATISE ON FRACTURES AND DISLOCATIONS. In two hand- 



some octavo volumes. Vol. I., FeACTttees, 582 pages, 360 engravings. Vol 11., DiSLOr 
CATIONS, 540 pages, 163 engravings. Complete work, cloth, |5.50 ; leather, $7.50. Either 
volume separately, cloth, $3 ; leather, |4. 

STUDENTS' QUIZ SERIES. A New Series of Manuals in question and answer for 
Students and Practitioners, covering the essentials of medical science. Thirteen volumes, 
pocket size, convenient, authoritative, well illustrated, handsomely bound in limp cloth, 
and issued at a low price. 1. Anatomy (double number) ; 2. Physiology ; 3. Chemistry 
and Physics ; 4. Histology, Pathology and Bacteriology ; 5. Materia Medica and Thera- 
peutics ; 6. Practice of Medicine ; 7. Surgery (double number) ; 8. Genito-Urinary and 
Venereal Diseases ; 9. Diseases of the Skin ; 10. Diseases of the Eye, Ear, Throat and 
Nose ; 11. Obstetrics ; 12. Gynecology ; 13. Diseases of Children. Price, |1 each, except 
Nos. 1 and 7, Anatomy and Surgery, which being double numbers are priced at $1. 75 each. 
Full specimen circular on application to publishers. 

STUDENTS' SERIES OF MANUALS. A Sei-ies of Fifteen Manuals by Eminent 
Teachers or Examiners. The volumes are pocket-size 12mos. of from 300-540 pages, pro- 
fusely illustrated, and bound in red limp cloth. The following volumes may now be 
announced: Herman's First Lines in Midwifery, $1.25; Luir's Manual of Chemistry, 
$2 ; Betjce's Materia Medica and Therapeutics (fifth edition), $1.50 ; Treves' Manual of 
Surgery (monographs by 33 leading surgeons), 3 volumes, per set, $6 ; Bell's Compara- 
tive Aiatomy and Physiology, $2; Eobeetson's Physiological Physics, $2; Gould's 
Surgical Diagnosis, $2; Klein's Elements of Histology (4th edition), $1.75; Pepper's 
Surgical Pathology, $2; Teevbs' Surgical Applied Anatomy, $2; Povstee's Human 
Physiology (2d edition), $1.50; Ralpe's Clinical Chemistry, $1.50; and Claeke and 
Lockwood's Dissector's Manual, $1.50. 

For separate notices, see under various authors' names. 

STURGES (OCTAVIUS). AN INTRODUCTION TO THE STUDY OF CLIN- 
ICAL MEDICINE. In one 12mo. volume. Cloth, $1.25. 

SUTTON (JOHN BLAND). SURGICAL DISEASES OF THE OVARIES 
AND FALLOPIAN TUBES. Including Abdominal Pregnancy. In one 12mo. vol- 
ume of 513 pages, with 119 engravings and 5 colored plates. Cloth, $3. 

TUMORS, INNOCENT AND MALIGNANT. Their Clinical Features and 



Appropriate Treatment. In one 8vo. volume of 526 pages, with 250 engravings and 
9 full-page plates. Cloth, $4.50. 

TAIT (LAWSON). DISEASES OF WOMEN AND ABDOMINAL SURGERY. 
In two handsome octavo volumes. Vol. I. contains 554 pages, 62 engravings, and 3 
plates. Cloth, $3. Vol. II., preparing. 

TANNER (THOMAS HAWKES). ON THE SIGNS AND DISEASES OF 
PREGNANCY. Prom the second English edition. In one octavo volume of 490 pages, 
with 4 colored plates and 16 engravings. Cloth, $4.25. 

TAYLOR (ALFRED S.). MEDICAL JURISPRUDENCE. Eleventh American 
from the twelfth English edition, specially revised by Clark Bell, Esq., of the N. Y. 
Bar. In one octavo vol. of 787 pages, with 56 engravings. Cloth, $4.50 ; leather, $5.50. 
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TAYLOR (ALFRED S.). ON POISONS IN RELATION TO MEDICINE 
AND MEDICAL JURISPRUDENCE. Third American from the third London 
edition. In one 8vo. volume of 788 pages, with 104 illustrations. Cloth, 15.50: 
leather, $6.50. ' * ' 

TAYLOR (ROBERT W.). THE PATHOLOGY AND TREATMENT OF 
VENEREAL DISEASES. In one very handsome octavo volume of 1002 pages, with 
230 engravings and 7 colored plates. Cloth, $5 ; leather, f 6. Net. 

A CLINICAL ATLAS OF VENEREAL AND SKIN DISEASES. 

Including Diagnosis, Pro^osis and Treatment. In eight large folio parts, measuring 
14 X 18 inches, and comprising 213 beautiful figures on 58 full-page chromo-lithographic 
plates, 85 fine engravings, and 425 pages of text. Complete work now ready. Price per 
part, sewed in heavy embossed paper, 12.50. Bound in one volume, half Russia, |27 ; 
half Turkey Morocco, |28. For sale hy subscription only. Address the publishers. Spec- 
imen plates by mail on receipt of 10 cents. 

A PRACTICAL TREATISE ON SEXUAL DISORDERS IN THE MALE 

AND FEMALE. In one octavo volume. In active preparation. 

TAYLOR (SEYMOUR) . INDEX OF MEDICINE. A Manual for the use of Senior 
Students and others. In one large'l2mo. volume of 802 pages. Cloth, $375. 

THOMAS (T. GAILLARD) AND MUNDE (PAUL F.). ^ PRACTICAL 
TREATISE ON THE DISEASES OF WOMEN. Sixth edition, thoroughly 
revised by Patil F. Mthnde, M.©. In one large and handsome octavo volume of 824 
pages, with 347 engravings. Cloth, |5 ; leather, $6. 

THOMPSON (SIR HENRY). CLINICAL LECTURES ON DISEASES OF 
THE URINARY ORGANS. Second and revised edition. In one octavo volume of 
203 pages, with 25 engravings. Cloth, $2.25. 

THE PATHOLOGY AND TREATMENT OF STRICTURE OF THE 

URETHRA AND URINARY FISTULA. From the third English edition. In 
one octavo volume of 359 pages, with 47 engravings and 3 lithographic plates. Cloth, 
$3.50. 



TODD (ROBERT BENTLEY). CLINICAL LECTURES ON CERTAIN 
ACUTE DISEASES. In one 8vo. volume of 320 pages. Cloth, $2.50. 

TREVES (FREDERICK). OPERATIVE SURGERY. In two 8vo. volumes con- 
taining 1550 pages, with 422 illustrations. Cloth, $9 ; leather, $11. 



A SYSTEM OF SURGERY. In Contributions by Twenty-five English Sur- 
geons. In two large octavo volumes, containing 2298 pages, with 950 engravings and 
4 full-page plates. Per volume, cloth, $8. 

A MANUAL OF SURGERY. In Treatises by 33 leading surgeons. Three 



12mo. volumes, containing 1866 pages, with 213 engravings. Price per set, $6. See Stu- 
dent^ Series of Manvxds, page 14. 

THE STUDENTS' HANDBOOK OF SURGICAL OPERATIONS. In 



one 12mo. volume of 508 pages, with 94 illustrations. Cloth, $2.50. 

SURGICAL APPLIED ANATOMY. In one 12mo. volume of 583 pages 



with 61 engravings. Cloth, |2. See Students' Series of Manuals, page 14. 

INTESTINAL OBSTR UCTION. In one 12mo. volume of 522 pages, with 60 



illustrations. Cloth, $2. See Series of Clinical Manuals, page 13. 

TUKE (DANIEL HACK). THE INFLUENCE OF THE MIND UPON THE 
BODY IN HEALTH AND DISEASE. Second edition. In one 8vo. volume of 
467 pages, with 2 colored plates. Cloth, $3. 

VAUGHAN (VICTOR C.) AND NOVY (FREDERICK G.). PTOMAINS, 
LEUGOMAINS TOXINS AND ANTITOXINS, or the Chemical Factors m the 
Causation of Disease. New (3d) edition. In one 12mo. volume of 603 pages. Cloth, $3. 
Just ready. 
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VISITING LIST. TSE MEDICAL NEWS VISITING LIST for 1897. Four 
styles : Weekly (dated for 30 patients) ; Monthly (undated for 120 patients per month) 
Perpetual (undated for 30 patients each week) ; and Perpetual (undated for 60 patients 
each week). The 60-patient book consists of 256 pages of assorted blanks. The first 
three styles contain 32 pages of important data, thoroughly revised, and 160 pages_ of 
assorted blanks. Each in one volume, price, $1.25. With thumb-letter index for quick 
use, 25 cents extra. Special rates to advance-paying subscribers to The Medical News 
or The American Joubnal op the Medical Sciences, or both. See page 1. 

WATSON (THOMAS). LECTURES ON THE PRINCIPLES AND PRAC- 
TICE OF PHYSIC. A new American from the fifth and enlarged English edition, 
with additions by H. Haetshorne, M.D. In two large 8vo. volumes of 1840 pages, with 
190 engravings. Cloth, $9 ; leather, |11. 

WELLS (J. SOELBERG). A TREATISE ON THE DISEASES OF THE 
EYE. In one large and handsome octavo volume. 

WEST (CHARLES). LECTURES ON THE DISEASES PECULIAR TO 
WOMEN. Third American from the third English edition. In one octavo volume of 
543 pages. Cloth, $3.75; leather, $4.75. 

ON SOME DISORDERS OF THE NERVOUS SYSTEM IN CHILD- 



HOOD. In one small 12mo. volume of 127 pages. Cloth, |1. 

WHARTON (HENRY R.). MINOR SURGERY AND BANDAGING. New (3d) 
edition. In one 12mo. volume of 594 pages, with 475 engravings, many of which are 
photographic. Cloth, |3. 

WHITLA (WILLIAM). DICTIONARY OF TREATMENT, OR THERA- 
PEUTIC INDEX. Including Medical and Surgical Therapeutics. In one square 
octavo volume of 917 pages. Cloth, $4. 

WILSON (ERASMUS). A SYSTEM OF HUMAN ANATOMY. A new and 
revised American from the last English edition. Illustrated with 397 engravings. In 
one octavo volume of 616 pages. Cloth, $4 ; leather, $5. 

THE STUDENT'S BOOK OF CUTANEO US MEDICINE In one 12mo. 



volume. Cloth, $3 50. 

WINCKEL ON PATHOLOGY AND TREATMENT OF CHILDBED. Trans- 
lated by James E. Chadvstick, A.M., M.D. With additions by the Author. In one 
octavo volume of 484 pages. Cloth, $4. 

WOHLER'S OUTLINES OF ORGANIC CHEMISTRY Ti-anslated from the 
eighth German edition, by Iea Eemsen, M.D. In one 12mo. volume of 550 naees. 
Cloth $3. ^ ^ 

YEAR- BOOK OF TREATMENT FOR 1897. A Ciitical Review for Practitioners of 
Medicine and Surgery. In contributions by 24 well-known medical writers. 12mo.'', 495 
pages. Cloth, §1.50. Just Ready. In combination with The Medical News and The 
Amekican Journal op the Medical Sciences, 75 cents. See page 1. 

YEAR-BOOKS OF TREATMENT for 1891, 1892, 1893, and 1896, similar to above. 
Each, cloth, $1.50. 

YEO (I. BURNEY). FOOD IN HEALTH AND DISEASE. New (2d) edition, 
i" 9'^^ P^P:"?^"^^ °f ^92 pages, with 4 engravings. Cloth, $2.50. Jmt ready. See 
/Series of ChmeaJL Manuals, page 13. 

T^rrir^^^^^^ P^ MEDICAL TREATMENT, OR CLINICAL THERA- 
PE UJ.ICS. Two volumes containing 1275 pages. Cloth, $5.50. 

YOUNG (JAMES K.). ORTHOPEDIC SURGERY. In one 8vo. volume of 475 
pages, with 286 illustrations. Cloth, S4; leather, $5. 
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